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Introduction 


These modules are quite unlike most materials used in sci- 
ence courses. The content, the approach, and the underly- 
ing objectives probably stand in sharp contrast to the books 
you are accustomed to. 

This Teacher’s Edition has been designed to help you 
help your students as they study this module. Parts A and B 
give a brief overview of the module and its objectives. Parts 
C and D provide some detailed information about equip- 
ment, local supply items, and safety. Marginal notes in the 
chapters identify key questions, alert you to materials that 
must be prepared in advance, and suggest how to handle 
certain trouble spots. You may wish to add notes of your 
own as you work with this module. 

The authors suggest that you read ‘‘A Brief Talk,’’ in the 
introductory section of the student portion of each module, 
before you begin using the modules in your teaching. And 
of course you’ll want to make regular use of the Instruc- 
tional Management Guide. It has all kinds of suggestions for 
making the best use of the modules, the Record Books, and 
the Resource Book. 


PART A « OVERVIEW 


The purpose of the module is to develop a simple model for 
weather. In doing so, attention is focused on four agents 
that cause air to rise from one level to another. As these 
agents are identified, the related weather elements are mea- 
sured and studied. 

Metric units are used throughout the module. This consti- 
tutes somewhat of an innovation for a unit on meteorology. 
Not only are length, volume, and mass measured using the 
metric system, but pressure, temperature, humidity, wind 
velocity, cloud height, and precipitation are measured this 
way as well. This is a possible stumbling block for students. 


T-4 


Chapter 1 examines thermal convection as one of the 
agents causing air to rise. The behavior of air is made visi- 
ble by using a smoke box, and variations in temperature are 
provided by hot and cold water. The concept of differential 
heating of surfaces by radiant energy is developed, and the 
connection is made between this differential heating and the 
behavior of air. 


Excursion 1-1 uses a simple hot air balloon to show the 
buoyancy of hot air. Students construct their own balloons 
out of plastic dry-cleaning bags, tape, and plastic straws. 


Chapter 2 addresses the question of what happens to the 
properties of mass, pressure, and temperature of air as it 
rises. The matter model is used to explain air pressure and 
to predict the interrelationship of temperature and pressure 
in a closed system. Measurement of atmospheric pressure 
is accomplished with a student-constructed barometer 
calibrated against an aneroid barometer. 


Excursion 2-1 looks more closely at pressure, which is op- 
erationally defined as force per unit area. The point is made 
that air has weight and exerts pressure. The term pascal, 
for a pressure of one newton per square metre, is intro- 
duced. 


Excursion 2-2 introduces methods for measuring air pres- 
sure, and millibars and millimetres or inches of mercury as 
the units used for expressing the measurements. The excur- 
sion affords practice in reading an aneroid barometer. 


Chapter 3 deals with the moisture content of air. Measure- 
ment of this property of air is made in terms of dew point 
temperature and relative humidity. Invisible water vapor in 
the air becomes visible upon condensation, and the neces- 
sity of condensation nuclei for cloud formation is estab- 
lished. 


Excursion 3-1 applies the matter model to evaporation and 
condensation. It focuses on the absorption or release of 
energy during these changes of state. 


Chapter 4 introduces systematic visual and instrumental 
weather observations. A two-week weather watch is con- 


ducted. On this weather watch, records are kept for tem- 
perature, wind direction and speed, cloud type and amount, 
precipitation, barometric pressure, relative humidity, and 
dew-point temperature. 


Excursion 4-1 provides help in measuring wind direction 
and speed. The Beaufort scale of wind speeds, converted to 
km/h, is presented. 


Excursion 4-2 extends the student’s knowledge of clouds. 
The concept of cloud families is introduced, and the al- 
titudes of various types of clouds are given. 


Excursion 4-3 aids the student in converting from English 
to metric measurements of temperature, wind speed, at- 
mospheric pressure, cloud height, and precipitation. 


Chapter 5 examines cloud formation, using the two vari- 
ables of air temperature and air pressure. The matter model 
is used to explain why warm air rises, why the pressure on 
it decreases, and therefore why clouds form over particular 
areas. The concept of wind as a result of rising air is de- 
veloped. 


Excursion 5-1 uses air temperature and dew-point tempera- 
ture at ground level to determine the height of convective 
cloud bases. 


Excursion 5-2 gives details for building an instrument that 
can be used for measuring cloud speed. In turn, this cloud 
speed gives the speed of the wind at the altitude of the 
clouds. 


Chapter 6 notes the deficiencies of the heated-air model for 
cloud formation. The model is expanded to include lines of 
temperature difference, convergence, and the effects~-of 
-Mountains as cloud-forming agents. A system of notation 
“for weather maps is studied and practice afforded in draw- 
ing isobars (lines of equal barometric pressure). Some 
properties of low-pressure areas are examined. 


Chapter 7 identifies lines of temperature differences as 
fronts and, by using sequential weather maps, shows that 
these fronts and the associated low-pressure areas move 
generally from west to east across the country. With this 
idea in mind, and using the developed model, methods of 


predicting the upward motion of air and the resulting 
weather conditions are studied. The use of the daily obser- 
vations of the weather.elements to provide clues for ap- 
proaching weather is summarized. 


Excursion 7-1 advances a possible theory for precipitation, 
and furnishes a simple test for the theory. 


Excursion 7-2 focuses on one of the dramatic features of 
weather, the thunderhead, or cumulonimbus. The de- 
velopment, characteristics, and properties of this huge 
cloud are studied. 


Excursion 7-3 affords the student the opportunity for 
further practice in making weather forecasts. It is difficult 
but worthwhile culminating activity for the module. 


PART B « MODULE OBJECTIVES 


Chapter 1 


e Describes the path of smoke in a box when surface tem- 
perature is greater than air temperature. 

Explains why smoke moves in a paticular direction due to 
differential temperatures. 

Describes the path of smoke in a box when surface tem- 
perature is the same as air temperature. 

Applies the concept that the mass of a bag of cool air is 
greater than the mass of a bag of warm air. 

Applies the concept that those substances that warm up 
most rapidly also cool down most rapidly. 

Applies the concept that dry solid materials heat up more 
rapidly than wet or living materials. 

States that air above a surface is heated or cooled by that 
surface. 


Chapter 2 


e Applies the concept that, generally, the farther air is from 
the earth’s surface, the cooler it will be. 

e Applies the concept that air has mass and exerts weight. 

e Explains that pressure results from the weight of a col- 
umn of a substance pushing downward. 


Explains that an increase in atmospheric pressure causes 
a diaphragm to push inward on a closed container. 
Applies the concept that a change in temperature in a 
closed container changes the pressure. 

Recalls that air pressure decreases with altitude. 


Chapter 3 


Explains that moisture can condense on cold surfaces 
and can freeze if the temperature is low enough. 
Demonstrates ability to calculate relative humidity. 
Demonstrates how to use a sling psychrometer to mea- 
sure relative humidity. 

Demonstrates ability to use tables in finding relative 
humidity and dew point. 

Applies the concept that both moisture and solid particles 
are necessary for clouds to form. 


Chapter 4 


Demonstrates ability to read wind direction and wind 
speed from a weather instrument. 

Identifies clouds from photos. 

Describes the symbols for amount of sky cover. 
Calculates centimetres from inches of rainfall. 


Chapter 5 


Explains the effect of a sudden decrease in pressure on 
condensation in a closed system. 

Describes the motion of smoke particles in a closed box 
over different surfaces that are heated from above. 
Applies the concept that pressure decreases as you go 
away from the earth’s surface. 

Explains that the tiny solid particles necessary for cloud 
formation may discolor snow when it starts to melt. 
Describes the effect of differential heating of the earth’s 
surface on (a) horizontal air movement, (b) cloud forma- 
tion, and (c) downward air movement. 


Chapter 6 


Identifies the meaning of symbols on a simple weather 
map. 


Indicates that isobars connect points of equal pressure on 
a map. 

Applies the concept that heavy clouds may form on areas 
of lowest pressure and along lines of sharp temperature 
difference. 

Explains that air moves counterclockwise around a low- 
pressure area. 

Describes how clouds form when moist air is pushed up 
over a mountain by prevailing winds. 

Identifies the areas of heaviest and lightest precipitation 
when air blows over a mountain. 

Identifies four factors to look for on a weather map that 
are associated with cloud formation. 


Chapter 7 


Identifies the general direction of motion of large weather 
disturbances. 

Identifies the weather conditions of cloud cover, 
barometric pressure changes, and wind direction as a 
low-pressure area or front approaches. 

Identifies the symbols for cold, warm, and stationary 
fronts. 

Explains that small local storms in late afternoon or even- 
ing are usually caused by uneven heating of the earth’s 
surface. 

Applies the concept that a falling barometer, a south to 
southeast wind, and a particular progression of clouds 
show the approach of a front with possible temperature 
change, precipitation, and shift in wind direction. 


e Identifies the shapes of warm and cold fronts. 


Predicts tomorrow’s weather on the basis of several days 
of weather observations. 


PART C ¢ SPECIAL EQUIPMENT 


AND MATERIALS 


Advance Preparations 


You need to get plastic tape, matches, scissors, and a good 
supply of large and small baby-food jars for Chapter 1. You 


also need the large cardboard boxes, along with the other 
materials for the opening activity. The students will need 
ice cubes and some means of keeping them, and a method 
of supplying hot water. 

Later in the chapter you will need thumbtacks, about 100 
ml each of clean sand and crushed charcoal per student- 
team, and a supply of wire coat hangers. It would be wise to 
have a supply of paper towels for this chapter, and for any 
other activity that uses water or ice cubes. 

Now would be a good time to start saving the daily 
weather maps from the newspaper so you will have a good 
sequence for Chapter 7. Look over the ‘‘Local Supply 
List’’ to see if there are other items that may take time to 
procure. 


Local Supply List 


Plastic tape 

Matches 

Scissors 

Baby-food jars (large and small) 
Large cardboard boxes 
Ice cubes 

Thumbtacks 

Sand 

Crushed charcoal 

Wire coat hangers 
Large plastic dry-cleaning bags 
Paper towels 

Black paper 

Glass, 2lccmsx 21 cm 
Ruler or metrestick 
Timer 

Masking tape 

Marking pen, fine point 
Drawing compass 

Pail 

_Comb 

Clay 

Daily weather maps 
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PART D ¢ SAFETY NOTES 


There is potential danger any time matches, burning mate- 
rials, alcohol burners, or hot light bulbs are used in an 
activity or excursion. Students should be cautioned to 
exercise care when lighting the cotton string and when the 
150-watt light bulb is held: under the paper bag in Chapter 1. 
A special caution is in order regarding the use of the alcohol 
burner to inflate the hot air balloon in Excursion 1-1. Im- 
press students with the need to be extra careful in carrying 
out this procedure. 

A flame is used again in Chapter 5. Caution students to be 
careful that the cardboard box does not catch fire. 

If students do Excursion 5-2, urge them to be careful 
handling the glass plate. Glass cuts. 

Before beginning this module, it would be good to have 
your students view the filmstrip Laboratory Safety, de- 
veloped by EdMediaTec and distributed by Silver Burdett. 
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A Brief Talk 


There are many ways to study science. No single way is the 
best for everybody. We’ve prepared this book, and others, 
to introduce you to science a bit at a time. We could have 
written a long book with many ideas and many chapters. 
Instead, we chose to present a few important things for you 
to think about in each of these books. And we’ve done it in 
such a way that you can do science activities—not just read 
about them. 

To do science activities, you need equipment and mate- 
rials. So we have asked that. these be gathered together 
right in your classroom. Look around; you’ll probably see 
some of them. 


Getting What You Want 


Each book like this one has a purpose. The title will give 
you some idea of what’s inside. But to get a better idea of 
what’s there, thumb through the pages. See what activities 
you ll be doing and the kind of equipment you'll be using. 

First, you'll have a say in choosing the modules you want 
to study. Second, you can choose to do, or not to do, some 
of the activities within each module. These activities are 
called Excursions. Third, you can get help with your own 
special problems by doing other short activities. These ac- 
tivities are called Resources. You'll find them in the Re- 
source Book. 

Fourth, you can check up on your own progress, Self- 
Evaluations are provided for each module chapter. You'll 
find them in the Record Book. And you'll find their answers 
there, too. Vv 


Vi 


Working on Your Own 


Your science class may be quite different from your other 
classes. This book, and others like it, will guide your study 
of science. Your teacher will not direct all your work. 
You’ll be responsible for your progress. You'll also be re- 
sponsible for taking good care of equipment and materials. 

Begin each day’s work where you left off the time before. 
Try to work ahead on your own or with your partner, if you 
have one. If you meet problems you can’t solve, get help. 
But don’t expect your teacher to give you the answers to 


the questions in the book. 


After a few days, some of your classmates who are using 
this module may be ahead of you. Others may be behind. 
And other students will be studying different modules. This 
is how the course is supposed to work. No prizes will be 
given for being the first to finish a module. Work at a pace 
that is best for you. But be sure you understand ine you 
have done before moving ahead. 








Problem Breaks 


Problem Breaks in modules give you a chance to be your 
own boss as you investigate. Some information and guid- 
ance are provided in each one. But you'll have to do the 
planning yourself. You'll often be expected to report your 
findings to your teacher and/or your classmates. Problem 
Breaks are important and should not be skipped. They 
aren ’t designed as just something else to do. They are cen- 
tral to what you are expected to learn in each module in 
which they appear. Their most important purpose is to help 
you learn how to think through a problem and design a 
method for solving it. The following comments may help 
you get the most out of doing Problem Breaks. 


e Read the entire Problem Break carefully a couple of 
times before you do anything else. This will help you see 
how it fits in with what you’ve been doing. And it will tell 
you what you need and whether you should work with a 
partner. If you do work with a partner, do your planning 
together. 

e Have the teacher check your plan of action before you 
start if the Problem Break includes an experiment to de- 
sign. This can save you time and embarrassment. And it 

- will ensure that what you want to do is safe for the class- 
room and doesn’t demand too much equipment. 


vii 
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e Don’t rush to get through a Problem Break. Most Prob- 


lem Breaks are designed for one class period. But you 
may discover something on your own that you want to 
keep after for a while. That’s fine. Talk it over with your 
teacher. Chances are you can keep on working as long as 
you want. 

Keep good records of what you do, observe, and con- 
clude. Often you'll have to construct your own data ta- 
bles, graphs, and maybe even equipment. Good records 
will be essential if you have to describe your work to 
others. 

Don’t expect your teacher to have all the answers to the 
problems and questions in Problem Breaks. Most Prob- 
lem Breaks are not designed to result in one answer to a 
question. How you go about your work will often deter- 
mine the results you get. Other persons may get different 
results because they will probably choose a different plan 
of attack. And that is just the way it should be. Problem 
Breaks give everyone a chance to operate independently. 


You can see that Problem Breaks are an essential part of 


the module design. Therefore, you can expect to see a ques- 
tion or two about each one in the Self-Evaluation section of . 
the chapter in which it appears. 


Safety in the Laboratory 


This module will allow you to do several experiments. If 
you do them properly, they are perfectly safe. There are 
instructions and drawings to help you do each of the ac- 
tivities. But you should also observe the following rules: 


e Equipment and chemicals should be used only in the 
classroom, unless your teacher gives you permission to 
use them elsewhere. 

e Your work area should be left clean. Clean all equipment 
after use and return it to the supply area. 

e Handle all chemicals carefully. Keep them away from 
your eyes, ears, nose, mouth, clothing, and skin. 

e Read labels. Use chemicals only from containers that are 

clearly labeled. 

Wipe up spills with damp paper towels. 

Report any accidents immediately to your teacher. 

Throw waste materials into the proper containers. 

Wash your hands at the end of each laboratory period. 

Goggles should be worn when you are working with 

chemicals, when you are heating materials in test tubes, 

or when you could be harmed by flying objects. 


What You Are Expected to Learn 


During the year, you will work much as a scientist does. 
You should learn some useful information. More important, 
we hope that you will learn how to ask and answer ques- 
tions about nature. Keep in mind that learning how to find 
answers to questions is just as valuable as learning the 
answers themselves—maybe even more valuable. 

Do not write in this book unless it belongs to you. Do all 
your writing in your Record Book. Use your Record Book 
to check your progress with the Self-Evaluations. 

From time to time, you will find that your answers to 
questions aren’t the same as those of your classmates. 
Don’t let that worry you. There are several right answers to 
some questions. And some questions may not have a cor- 
rect answer. This may disappoint you at first. But soon 
you'll realize that there is much in science that isn’t yet 
understood. So in this course, you will learn some things 
we don’t know as well as some of the things we do know. 





=xcursion 1-1 is keyed to this chapter. FILMSTRIP KEY 


Air Has Its 
Ups and Downs 


EQUIPMENT LIST Scissors 

Baby-food jar 

Ice cubes or ice water 
1 cardboard box, 30 cm x 30 cm x 50 cm Hot water 


Techniques 
Convection Currents 


Per student-team 


Clear plastic wrap 1 aluminum pan 

Plastic tape 1 pegboard balance rod 
2 plastic straws 1 wire support 

1 35-ml piston* 2 small paper bags 
Heavy cotton string, 12-cm long 2 thumbtacks 

Matches 5 Styrofoam cups 


How would you like to be able to explain the formation of a 
giant thundercloud? ‘‘A tough job,’’ you say. Perhaps, but 
not impossible. To do it, you'll need to know some things 
about air, water, heat, and the earth’s surface. You'll need 
to know how these variables interact to produce changes in 
the earth’s atmosphere. These atmospheric changes are 
what we call “‘‘weather.’’ Of course there is more to 
weather than a thundercloud. 
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Your first task is to find out how warm and cold surfaces 
affect air. You will need to make an observation box if one 
isn’t already available. To do this, you’ll need the following 
materials: 





1 cardboard box (about 30 cm x 30 cm x 50 cm) 


Clear plastic food Wrap ‘Note: Pistons are syringes. They may have a 
3 high rate of ‘“‘disappearance,’”’ and you may 
Plastic tap og want to keep them under lock and key. You 
I plastic straw may also prefer to use them only as ‘‘Teacher 
: ; Demonstration” equipment.” | 
You will be using the metric system for measuring. If you 


need help, take a look at Resource 1, ‘‘Measuring Distance 
in Metric.” 


5 thermometers 
1 150-watt lamp and socket 


Extension cord 

100 ml clean sand 

100 ml crushed charcoal 
Coat hanger 


CHAPTER EMPHASIS 


Hot or cold surfaces have different effects on 
the air over them. Various substances are 
heated unequally by radiant energy. 


MAJOR POINTS 


1. By watching the behavior of smoke parti- 
cles as they pass over surfaces whose tem- 
peratures are different, you can infer how the 
invisible air is behaving, i.e., that (a) air 
moves downward over colder surfaces, and 
(b) upward over warmer surfaces. 
2. The matter model is used to explain why a 
volume of warm air has less mass than an 
equal volume of cool air, i.e., according to 
the matter model, particles of warm air are 
farther apart than the particles of cool air. 
3. Cold air, being heavier than warm air, 
sinks, pushing the warmer air upward. 
4. Laboratory observations lead to the follow- 
ing conclusions: 
a. The temperature of some substances 
(surfaces) changes more than that of other 
substances when the same amount of 
radiant energy strikes them. (Graphs can be 
used to show these differences in rates of 
heating and cooling.) 
b. Air above a surface is warmed or cooled 
by that surface 
c. Solar radiation causes differential heating 
of different earth surfaces, and this in turn 
causes differential heating of the air over the 
surface, causing up-and-down air currents. 
as 
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Once made, the observation boxes can be 
used by other students. Note that they will be 
used again in Chapter 5. 


You should supervise the construction of the 
boxes rather carefully, in light of the fact that 
they will be used repeatedly here and later in 
the module. 


Remove the top. 


If the inside of the cardboard box is painted 
with flat-black paint, the students will be able 
to see the smoke better. 


ff pistons are illegal in your state, you may 
elect to eliminate these activities, or incorpo- 
rate a smoke-generating device in the box. If 
SO, you may use a short piece of clothesline, 
an incense cone, or even a piece of twisted 
paper towel. Be sure to have the student lay 
the device on something fireproof, such as a 
baby-food jar lid, to avoid damage to the 
table top. 


2 CHAPTER 1 









Leave 3-cm Remove about Do not 
edges for half. cut out. 
strength 

Turn the 

box over. 


Plastic Plastic 


food 
straw Remove side wrap 


Tape of box. 


Leave 3-cm 

edges for 

strength. 
ACTIVITY 1-1. Remove the top of the box. Leave a 3-cm edge 
for strength. Now turn the box over. Cut a window in the new 
top and side as shown. Leave about half of the top intact. 
Tape plastic food wrap over the windows so that they are 
airtight. In one end of the box, cut a small hole just large 
enough to insert a plastic straw. 


Studying the behavior of air is a bit difficult, because air 
is a mixture of invisible gases. One way to study air is to 
add smoke particles to it. By watching what happens to the 
smoke, you can decide what invisible air is doing. The next 
activities will suggest a simple way to collect some smoke. 
You will need the following: 


1 35-ml piston Scissors 

1 plastic straw Ice Water 

Heavy cotton string, 12 cm long Aluminum pan 

Matches Metric ruler 

5 om 
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ACTIVITY 1-2. Cut the straw into 4- to 5-cm lengths. Cut the 
string into lengths of about 4 cm. Double one of the pieces of 
string twice or more. This way it will fit snugly in the end of a 
piece of the plastic straw. Leave about 0.5 cm of the doubled 
string sticking out of the straw. Repeat the procedure for the 
other pieces. 


ACTIVITY 1-3. Slip a section of the prepared straw onto the 
piston. Light the string. Collect smoke in the cylinder by 
slowly drawing out the plunger. Remove the straw and lay it 
aside where it won’t burn anything. You may need more 
smoke later. 


Now you are ready to see how warm and cold surfaces 
affect air. You will use your observation box and the smoke 
you collected in Activity 1-3. 5 


ACTIVITY 1-4. Place a pan of cold water (ice water or even ice 
cubes if possible) inside the observation box. Be sure the 
straw is in place through the end of the box. The end of the 
straw should not be over the pan of water. Allow the pan of 
ice water to sit for several minutes before putting smoke into 
the box. 





cold water 


ACTIVITY 1-5. Insert a smoke-filled piston into the straw of 
the observation box. Gently force smoke through the straw 
into the box. It should move very slowly over the cold water. 
Carefully observe what happens to the smoke. 








If you wish to keep the amount of smoke in 
the room to a minimum, you may have sev- 
eral groups draw smoke from the same 
source. 


Keeping the water cold (or hot for the next 
series of activities) can present a problem. If 
you have worked out an ice-cube supply 
(cafeteria, perhaps), a Styrofoam chest or ice 
bucket will be valuable for keeping the 
cubes. A hot plate would be best for the hot 
water supply; an alcohol burner will work, 
but not as well. It might be wise to give a few 
words of caution about sloppiness, as well as 
about safety, with the hot water and the 
heater. Don’t make the water too hot. About 
55 to 60 °C is hot enough. More than that will 
steam up the windows of the box. 


This is an example of an indirect measure- 
ment. Students are going to identify or mea- 
sure air movement by the effect it has on 
smoke particles. 


Careful observation is necessary here and 
with the hot water that follows. Students 
tend to rush through the activities without 
taking time to see what really happens. 


CHAPTER 1 3 


1-3. A force is defined as something that 
causes a change in shape or a change in mo- 
tion of a body. It is usually easier to measure 
the change in shape; now a change in mo- 
tion is more apparent. : 





Cold water 


1-4. The arrows should be vertically up or 
down, even though the smoke may not rise 
or sink exactly vertically. 
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(] 1-1. Describe what happened to the smoke as it moved 
above the cold surface. 


ACTIVITY 1-6. Repeat Activities 1-3, 1-4, and 1-5, using a pan 
of hot water. But don’t throw away the ice. Other students 
may need it. 


[] 1-2. Describe what happened to the smoke as it moved 
above the warm surface. 


When a change in the motion of something occurs, there 
must be a force acting on it. This is true for automobiles, 


baseballs, or air particles. 


L] 1-3. How do you know a force acts on the smoke as it 
moves above the warm or cold surface? 


Figure 1-1 illustrates the smoke-filled air moving above 
the cold and hot water. 


Figure 1-1 


Pan 





Hot water 


[]1-4. There are forces acting on each of the smoke 
streams. In Figure 1-1 of your Record Book, draw arrows 
indicating the direction of these forces. 


The upward motion of the smoke above the warm surface 
suggests that the air is rising. This updraft pushes the 
smoke along with it. 


CL] 1-5. What does the smoke movement tell you about the 
motion of air over a cold surface? 


The vertical (up-and-down) movement of air is very im- 
portant in producing weather changes. But how can this 
motion be explained? A quick look at how air particles 
behave can help. 

Get a partner and the following materials for this activity: 


1 pegboard balance rod 

1 wire support for rod 

2 small paper bags of equal size 
2 thumbtacks of equal size Balance 
1 150-watt bulb and socket - od 

1 extension cord (if necessary) 


ACTIVITY 1-7. Set up the balance rod and wire support as 
shown. Fasten the two paper bags to the balance rod, using 
the thumbtacks. Balance the rod by moving the sliding clip. 
Hold the rod stationary. Put the lighted bulb just below the 
open end of the bag on the right. 





Sliding 
clip 





ACTIVITY 1-8. Keep the bulb under the bag for 30 seconds. 
Then gently let go of the bar. Observe the bag for several 


Open 
minutes. end 


After observation, the students should use 
care in removing the bags from the balance 
rod. There is no reason why the same bags 
cannot be used several times. 





(J 1-6. Describe your observations from Activity 1-8. 


(11-7. According to your observations, which has the 
greater mass? Is it the bag of warm air or the bag of cool 
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A simple model for matter states that all substances are 


made up of particles. If you are not familiar with this model, 
refer now to Resource 14, ‘“The Matter Model.”’ 


(11-8. What does the model predict about what happens 
when a substance is heated? 


The motion of heated particles causes them to spread 
farther apart. This idea is illustrated in Figure 1-2. 


Figure 1-2 Particles close together Particles far apart 





Cool air Warm air 


[] 1-9. The bags shown in Figure 1-2 have the same vol- 
ume. Which has more gas particles per volume? 


It seems reasonable to think that the bag with the greater 
number of air particles will have more mass. Therefore it 
would be heavier than the bag with fewer particles. The bag 

This is a rather hasty presentation of the of warm air is lighter than the bag of cool air. So it is pushed 
Se a ahah Sate tam ic te! : upward by the heavier, cooler air that surrounds it. It be- 
haves somewhat like a cork that is held under the surface of 
a liquid. The heavier surrounding water pushes the cork up 
Figure 1-3 when it is released. So does the surrounding, heavier air 

push up the lighter, warm air (Figure 1-3). 


( (uy 










Water pushes .¢& 
itm cork up. 
Cork held 


under water 


SS 


Balloons of all sizes, some carrying animals and 
machines, have been propelled upward by the lift of hot 
gases. The first flights into space were aboard such hot-air 
craft. Like to try making your own balloon? If so, get a 
partner and do Excursion 1-1, ‘“‘Hot Air Balloon.”’ 

The fact that warm air rises and cool air descends is 
important in helping explain weather conditions. 

But how is the air cooled or warmed? Is it a result of 
sunlight, or the lack of it? Does the earth’s surface have 
anything to do with this cooling and warming? 

Get some partners to help you find the answers to these 
questions. Your team will need the following equipment. 


5 Styrofoam cups 

5 thermometers 

Scissors 

1 150-watt bulb (or floodlamp) 
Water at room temperature 
Dry sand 

Finely crushed dry charcoal 


ACTIVITY 1-9. Carefully cut the tops off the five cups about 3 
cm from the bottom. Save both tops and bottoms of the cups. 


2 ohkohes 


ACTIVITY 1-10. Fill one cup bottom with water at room tem- 
perature. Fill the second one with dry sand, and the third one 
with wet sand. The fourth cup should be filled with dry 
crushed charcoal, and the fifth one with wet crushed char- 
coal. Arrange the cups in a circle. 

i Dry sand 


Se 


Wet charcoal ———_ Nae ae 5 






orn Wet sand 









Water 


“__. Dry charcoal 


Excursion 1-1 should be fun, but it does re- 
quire some supervision. It also requires that 
a large plastic dry-cleaning bag be brought 
in from home. 


< EXCURSION 


Clean air derives very little, if any, of its heat 
directly from the sun. In other words, in the 
solar heating system the radiant energy 
passes through the atmosphere to heat sur- 
faces that absorb the rays. These surfaces 
then pass the heat to the surrounding air by 
conduction, and this heat is carried aloft by 
convection. 


Charcoal briquets will work fine when 
crushed. This can be a messy operation, and 
it was suggested that you might want to do it 
ahead of time in your preparations for the 
chapter. Sand and crushed charcoal can be 
kept on the supply table in jars, and students 
can return the materials to the respective jars 
upon completing the activities. Be sure to 
have separate jars for wet and dry sand, and 
wet and dry charcoal. 


CHAPTER 1 i 


If the thermometer bulbs are covered too 
deeply, it will require too long a time for heat 
to penetrate by conduction 


You will probably want to rig up some man- 
ner of supporting the lamp 15 cm above the 
containers. Three metresticks could be used 
as a tripod; two pegboards on end with a 
metrestick between them will work; books 
can be stacked for the same purpose. Two 
setups should suffice for the whole class, 
leaving the apparatus in place. 


It’s more economical of time and material to 
prepare several sets of such cups and leave 
them set up for slower students to use. Later 
users may have to add water and wet char- 
coal and sand. 


8 CHAPTER 1 





Thermometers 


Tops of 
cut cups 





charcoal charcoal 





ACTIVITY 1-11. Place a thermometer in each container. Each 
thermometer bulb should be covered by no more than 0.5 cm 
of material. 


a re 150-watt bulb 
or floodlamp 





ACTIVITY 1-12. Hang a 150-watt bulb 15 cm above the center 
of the circle of containers. Don’t turn the light on until you 
have recorded the initial temperature for each container. Re- 
cord your readings in Table 1-1 of your Record Book. 


Temperatures should be taken 1, 3, and 5 minutes after 
the light is turned on. Take them again 5 minutes after the 
light is turned off. Remove the bulb while cooling. 


THERMOMETER READING (°C) 


Light off Light turned on — 


Graph the data from Table 1-1 on Figure 1-4 of your 
Record Book. If you need help in drawing the graph, refer 
to Resource 5, *‘Pictures of Relationships.’’ On the graph, 
each of the five sets of data should be represented by a 


different line (see key). Number the temperature lines at left 


Light off 


After 5 minutes 
cooling 


Table 1-1 


rj ede et a 
< RESOURCE 


so that the beginning temperatures are near the bottom line. ss : : pas eae : 
The highest temperature reached in any material should be een ane 
near the top. Remember that the temperature divisions on 

the lines must represent equal degree intervals. Figure 1-4 


Temperature (°C) 





Time (minutes) 


Key 


Water 


Dry sand 


Wet sand 


Dry charcoal 
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1-10 through 1-14. The dry solids heated 
- more rapidly (and cooled more rapidly) than 
the wet ones. The slowest to heat was water. 
The probable order, from greatest tempera- 
ture change to least, would be dry charcoal, 
dry sand, wet charcoal, wet sand, water, for 
both the heating and the cooling. If better 
students ask why this is so, you can explain 
that it is due to a combination of factors: (a) 
how much radiant energy is absorbed and 
how much is reflected (dark substances are 
better absorbers than light; water is a better 
reflector); (b) what the specific heat of the 
substance is (how much heat it takes to raise 
the temperature of a unit mass of a sub- 
stance one degree; waiter has the highest 
specific heat); (c) what the mass of the sub- 
stance is; and (d) even the wavelength of the 
radiant energy (some wavelengths are ab- 
sorbed better than others by certain sub- 
stances). 
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The same light shone equally on all the materials for the 
same period of time. Yet the temperature of some materials 
increased more than the temperature of others. 


(11-10. Of the dry materials, which showed the greater 
temperature change, the dark (charcoal) or the light (sand)? 
Which cooled faster? 


[J 1-11. Of the wet solids, which showed the greater temp- 
erature increase? 


L] 1-12. Did the dry solid show more temperature increase 
than the same solid when wet? 


L] 1-13. Did the temperature of the water increase as much 
as the temperature of the solids? 


L] 1-14. When the light was turned off, which of the sub- 
stances cooled the most in 5 minutes? 


This last investigation you did should have made a couple 
of things rather obvious: 


1. When light reaches a surface, the temperature of that 
surface will increase. 

2. Different kinds of surfaces show different rates of 
heating and cooling. 


2 ae 
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L] 1-15. What type of surface (dry or wet, dark or light) will 
heat up fastest? 


L] 1-16. What can you say about the relationship between 
how fast a substance heats up and how fast it cools down? 


Earlier you found that the air above a surface is warmed 
or cooled by that surface. You saw it happen with warm 
and cold water in the observation box. So the air above the 
earth will be warmed or cooled by the earth’s surface. 


From time to time in this module, you will be asked to do 
what are called Problem Breaks. These are problems for 
you to solve, without much help from your book or from 
your teacher. The problems will usually help you under- 
stand what you are studying in the chapter. But that’s not 
their major purpose. They are designed to give you practice 
in problem solving and in setting up your own experiments. 
You should try every problem break—even the tough ones. 
And in most cases you should have your teacher approve 
your plan before trying it. The first problem break in this 
unit is Coming up next. 


PROBLEM BREAK 1-1 


It has been suggested that the air at different points on the 
earth receives different amounts of heat from the earth. The 
amount of heat depends on the kind of material that is be- 
neath the air. But is this a reasonable idea? You can find out 
with a few measurements in the area around your school. 
Design your own plan for collecting data. A suggestion for 
preparing your thermometer for outdoor use follows. 


ACTIVITY 1-13. Bend a coat hanger as shown. This can be 
used as a thermometer support. 


Coat 
hanger 


This is the first Problem Break in the module. 
More than the normal amount of help and 
direction is given, with this in mind. You still 
may want to check rather closely to see that 
students are following through on their ex- 
perimenting, and not just copying from one 
another. And they might be urged to go a 
little beyond the stated problem. For in- 
stance, are there more than 4 different kinds 
of surfaces? If air temperature differs close 
to the ground what about the variation at, 
say, 1 metre above the ground? at 2 metres? 
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Note the constraint to get your permission to 
go outside. You might want to spend a little 
class time discussing the responsibilities 
that accompany the privilege. Then, too, you 
should investigate the administrative ap- 
provals that are necessary beforehand. 
There will be several places in the module 
that will call for outdoor activities, some- 
times quite frequently. Chapter 4 and sub- 
sequent chapters for the weather observa- 
tions, Excursion 1-1 with the hot air balloon, 
and Excursion 5-2 in working with a nepho- 


scope are examples. 


Did students remember to control the radiant 
energy variable—readings in sunlight or in 
shadow? 
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Thermometer 


Styrofoam 
cup 





ACTIVITY 1-14. To insulate the thermometer from winds out- 
doors, use the bottom of a Styrofoam cup. (You can use one 
of the cups from Activity 1-10.) Then suspend the thermome- 
ter from the coat hanger as shown. 


Get permission from your teacher to go outside to locate 
at least four different kinds of surface. The surfaces should 
be as close together as possible. Be sure to get your tem- 
perature measurements in the same way at each place. In 
fact, be sure you control variables. If you need help on 
controlling variables in an experiment, do Resource 6, *‘In- 
vestigating Variables.”’ 





In the space provided in your Record Book, record your 
plan, the data you collect, and your conclusions. 


L] 1-17. Did the temperature of the outside air vary accord- 
ing to the surface under it? " 


The temperature of the earth’s surface has quite an effect 
on the up-and-down motion of the air above it. This air 
movement has a great effect on weather. It is the first step 
in building the thundercloud mentioned earlier. You might 
find it interesting to know that up-and-down air has some 
real effects on aircraft. 


CL] 1-18. Explain the motion of the glider shown in Figure 
1-5. 


Figure 1-5 


Warm /\S Cool surface 
surface 





Before going on, do Self-Evaluation 1 in your Record Book. 


GET IT READY NOW FOR CHAPTER 2 


You will need large and small baby-food jars, 
plastic tape, and scissors or knife supplied 
locally. You could also use more ice for Prob- 
lem Break 2-2. The aneroid barometer 
should be mounted permanently in the room, 
and should not be moved to student desks or 
carried around the room. It can be adjusted 
to atmospheric pressure corrected to sea 
level by calling. the nearest Weather Bureau 
Station, or by comparison with an already 
corrected barometer. 


1-18. The explanation given should be in 
terms of up-and-down motion of the air, and 
not relative to the pilot's maneuvering of the 
craft. 


PS 


Cool 
Warm surface surface 
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Excursion 1-1 


Hot Air 
Balloon 


PURPOSE: To show the buoyancy of hot air. 
EQUIPMENT LIST 


1 large plastic dry-cleaning bag 
Plastic straws 

Cellophane tape 

1 alcohol burner 


This is an advanced general-interest excur- 
sion. 


Dry-cleaning bag 






MAJOR POINT 


A balloon inflated with heated air will rise 
through the cooler air, giving further evi- 
dence that warm air rises. 


Before any group begins this activity, be sure 
you are alerted to their activities. Insist that 
the group checks with you before using the 
alcohol burner for inflation. This excursion is 
a lot of fun, but there is potential danger. 
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The basic equipment needed for a hot air balloon is an 
inflatable bag and a source of heat. Almost any size and 
shape of bag will work. 

You can make your own balloon from a plastic dry- 
cleaning bag. The long dress-size bag will give the best 
results. Here is what you and a partner will need: 


1 plastic dry-cleaning bag (dress-size) 
Plastic straws 

Plastic or cellophane tape 

1 alcohol burner 


ACTIVITY 1. You want to trap hot air in the bag, so check its 
sealed end for leaks. Do this by trapping some air in the end 
of the bag. If the bag leaks, seal it with small pieces of tape. 


If you have an electric flatiron, it can be used 
for an alternative (and neater) method of 
sealing leaks in the bag. Smooth out the 
edge of the bag on a flat surface. The edge 
with. the leak may be folded over a small 
amount if desired. Run the hot iron over just 
the edge to be sealed. : 


In order to collect hot air in the bag, you’ll need to be 
able to hold the other end of the bag wide open. You can 
make a hoop or circle out of straws to do this. To find out 
how many straws to use, do the following activity. 


ACTIVITY 2. Flatten the bag out at its open end. Measure the 
distance across this open end. Multiply this distance (width) 
by 2. This will give you an approximate measure of the length 
of the bag’s opening. 


Multiply by 2 


Plastic 





ACTIVITY 3. Place plastic straws together by pinching and 
folding one end of the straw and inserting it into another 
straw. (Overlap of the straws should be about 3 cm.) The total 
length of the straw chain should be equal to the approximate 
opening of the bag (as determined in Activity 2). 


ACTIVITY 4. By putting the two end straws together, you can 
form a hoop. 





ACTIVITY 5. Use a few short pieces of tape to hold the straw 
hoop inside the bag. Overlap the bag about 3 cm. 





If students have difficulty in getting the bal- 
loon to rise with the straws forming a loop, 
try omitting the straws. Have several stu- 


dents hold the bag open with their hands. & 


and omit the activites on forming the straw 
loop (2, 3, 4, and 5). 











| Note the need for your approval. If the infla- 


| tion and ascent is to be done outside, it must 
be a day with little or no wind. It would prob- 


_ ably be wise to have fire-extinguishing mate- 
| rials handy. 
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You are now ready to collect hot air in your bag. 


Caution The next part of this excursion should be done in 
an area designated by your teacher. Be sure to get his or 
her approval before beginning. Use caution in working with 
alcohol burners. The plastic bag doesn’t burn rapidly, but it 
will burn. Keep it clear of the flame. 

In the next activity and in some of the activities in the 
next chapters, you will use an alcohol burner. Be sure you 
understand these safety rules before you start using the 
burner: 


1. The height of the wick should be about 4 millimetres. 
(This is about half the width of your little finger.) 


Remove 
wick cap 





2. The burner should never be more than half-filled with 
alcohol. Don’t overfill it. For safety and economy, 
always keep the cap on the burner when it is not in 
use. . 

3. Don’t leave your work area or move the burner with- 
out putting out the flame. 

4. Be careful ‘not to spill any alcohol when filling the 
burner. If you do spill some accidentally, wipe it up 
quickly with a paper towel, 

5. All books, papers, and other flammable materials 


should be kept away from open flames. Avoid reach-- 


ing across or leaning over a lighted burner. 


i oa 


6. Long hair must be tied back. Wear safety goggles 
during experiments involving heating. 

7. Don’t point the open end of a test tube at yourself or 
others while heating it. Never heat a closed container. 

8. Be careful not to tip over the burner. 


In case of an accident, notify your teacher immediately. 


ACTIVITY 6. Hold the bag over the lighted alcohol burner. 
Continue to support the bag as the air inside is warmed. 


Plastic 
bag 


Alcohol 
burner 


Caution Be sure to keep the sides of the bag away from the 
open flame. 


L11. Describe your observations of the bag as the air inside 
is heated. 


L] 2. What would you have to do to keep the bag going up 
once it left the ground? 


You may want to improve your balloon. That’s OK. But 
don’t try other experiments using flames without your 
teacher’s permission. 





Some students will probably come up with 
the idea of a wad of cotton soaked in alcohol 
and suspended at the opening with fine wire. 
This will work well (too well, in fact). Once 
the balloon has left its moorings, the flaming 
cotton can ignite anything that the balloon 
lands on. You are going to have to use your 
good judgment on the innovations, and also 
provide some cautions about working on 
their own outside of school. 
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Concentrating 
on Ups 


EQUIPMENT LIST 


Per student-team 


1 tongue depressor 

1 small baby-food jar 
Plastic tape 

1 balance rod, with clips Scissors or knife 

1 balance rod support Aluminum pan 

2 balloons Ice 

1 large baby-food jar 
5 rubber bands 

1 plastic straw 


Per Class 


Aneroid barometer 


You’ve learned that different surfaces absorb different 
amounts of heat from sunlight. Just walk around outdoors 
in the summertime in your bare feet. You'll quickly find 
that warm and cool spots can exist near each other. 

The temperature of the air above the earth’s surface is 
affected by the heat absorbed by the surface. Air above a 
hot spot is warmed. Air above a cool spot is cooled. 


L] 2-1. What happens to the motion of air as it passes over 
a hot spot on the earth? 


L] 2-2. What happens to the motion of air as it moves over 
a cool spot on the earth? 


Air moves up and down over different areas of the earth’s 
surface. That’s a good start in explaining weather changes. 
In fact, it’s a good start in building a model for weather. If 
you're not sure what a scientific model is, do Resource 12, 
**Model Building.’’ 


You need to find out more about how the air is affected 
by these ups and downs. This is a complicated thing to do. 
To make your task simpler, concentrate only on the ups for 
now. 

Figure 2-1 will help you see how air is affected by altitude 
(height above the earth’s surface). The vertical column 
shown represents a column of air extending up from the 
earth’s surface. Two cubes have been drawn within the 
column. They represent cubes of air. Air from outside 
the column can flow into the cubes. And air from inside the 
cubes can flow out of the column. 


FILMSTRIP KEY 


Techniques 
Making a Barometer 





CHAPTER EMPHASIS 


Air has properties of mass, pressure, tem- 
perature, and number of particles in a given 
volume that vary on the earth’s surface and 
as the air rises. 


MAJOR POINTS 


1. The systems approach can be used in 
analyzing the behavior of air. 

2. Air has mass and exerts a downward force 
called weight. 

3. The matter model can be used to explain 
air pressure. 

4. A barometer can be constructed, calib- 
rated, and used to make measurements of air 
pressure; thus atmospheric pressure can be 
operationally defined. 

5. The matter mode! predicts that the 
homemade barometer will respond to tem- 
perature changes as well as pressure 
changes. 

6. Air pressure is a variable, both at the sur- 
face of the earth and at different heights 
above the surface. 

7. Air gets cooler as it rises. 


Excursions 2-1 and 2-2 are keyed to this 
chapter. 
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Figure 2-1 





Warm spot . 


If students accept the concept that the 
farther air is from the earth’s surface, the 
cooler it will be, on the basis of these state- 
ments and as a result of their investigations 
in Problem Break 2-1, fine. The implication 
here is that the decrease in temperature is 
due to separation from the source of heat 
(the warm spot) only. Without going into 
rather complicated subject matter, this is 
about as far as the reasoning can go. But for 
your information, and not for the students, 
. the cooling can be explained a little more. 
When air rises, it is subjected to less and less 
pressure. It expands in response to this de- 
creasing pressure according to Boyle’s Law, 
p x v =k, which states that pressure and 
volume are inversely proportional. As one 
goes down, the other goes up. Expansion 
against pressure constitutes work, and uses 
energy. The energy expended in this process 
is heat energy, and the effect is to cool the 
air. Meteorologically this is called the 
adiabatic process, and it occurs for the same 
reason that a tire pump gets hot when you 
pump up a tire, or air feels cool when you let 
it out of the valve, releasing the pressure and 
letting it expand. 
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Assume that the column of air shown in Figure 2-1 is 
standing over a warm spot on the earth’s surface. 


L] 2-3. Which cube of air would be warmer? 


L] 2-4. As air cube A rises, what do you predict will happen 
to its temperature? 


Air is warmed by being near a warm surface. The air 
closest to the surface is warmed the most. Generally, then, 
the farther the air is from the earth’s surface, the cooler it 
will be. Thus, cube B in Figure 2-1 should have a higher 
temperature than cube A. 


PROBLEM BREAK 2-1 


Every day weather balloons are launched from many sta- 
tions across the country. These balloons carry instruments, 
and a radio transmitter that sends back readings of weather 
conditions. One of the readings is temperature. Table 2-1 
gives the temperatures on a particular day. 


Use the data to answer the following questions. You may 
want to draw a graph of the data to help. 


Table 2-1 





CL] 2-5. How much colder is it at 2500 m than at ground 
level? 


(1) 2-6. At about what altitude will the temperature likely 
reach the freezing point (0 °C)? 


(] 2-7. What is the average decrease in temperature for 
each 100 m of altitude? 


Your answer to question 2-7 is called the /apse rate. The Notice that the figure of 0.6 °C per 100 m is 

figure you Phonidenauc gotten, 0.6 °C per 100 m, is the called the average lapse rate. The tempera- 

; : ture does not always decrease at this rate. In 

average lapse rate. It is the average decrease in temperature fact, on a clear, calm night, the air close to 

with altitude. the ground can be colder than the air high- 
er up. 


L] 2-8. According to Figure 2-1, which cube of air has more 
air above it, A or B? 


[J] 2-9. Which cube of air would have more weight on it 
from above? 


You may be a bit concerned about question 2-9. In fact 
you may wonder why such a question was asked. Is it 
reasonable to think of air as having weight? Try the next 
activity and find out for yourself. You will need the follow- 
ing. 


1 balance rod, with 3 balancing clips 
1 balance rod wire support 
2 balloons of equal size 





Balance rod 






Balancing clip 


Balloon 


ACTIVITY 2-1. Fasten the two balloons to the clips as shown. 
Balance the rod by moving the third clip. (You may have to 
move it across the wire support.) CHAPTER2 21 


You probably realize some of the short- 
comings of this experiment. The inflated bal- 
loon, even filled with air at room tempera- 
ture, has more buoyancy (it displaces an 
equal volume of room air) than the deflated 
one. So the balance is not exactly measuring 
the mass of the air in the balloon. But the 
slight increase in pressure inside the balloon 


does push the air particles closer together, 
so the balance should show a greater mass 
for the inflated balloon. Incidentally, have 
students save the balloons. Both can be used 
again; the knotted one can be used for the 
upcoming activities on the construction of 
the barometer. 


2-10. Student observations should reflect an 
awareness of an increase in mass of the in- 
flated balloon. They would not be expected 
to realize the implications of buoyancy men- 
tioned above. 


Weight is measured in units such as pounds 
or newtons. Pressure units are pounds per 
Square inch, or newtons per square metre (or 
other combinations of force per unit area). 
The total weight of a column of air results in 
the pressure on the cube, ‘but.the pressure 
would have to be expressed. in this weight on 
a particular aréa. bi cdie at 3 tie 


Figure 2-2 






Earth’s surface 














Activity 2-2. If you have good equal-arm ba- 
lances, you can get better results. 


ACTIVITY 2-2. Remove one of the balloons, blow it up, and 
knot the neck. Place the balloon on the table for 5-10 minutes. 
Then reattach it to the balance arm. Hold the arm level, then 
gently release it, and observe what happens. 


The breath you blew into the balloon is warmer than the 
room air. That is why you were told to wait a few minutes 
before comparing its mass. This wait gave it time to cool off 
a bit. 


L] 2-10. Explain your observation from Activity 2-2. 


Now think again about the column of air from Figure 2-1. 
Every particle of air exerts a downward weight force. All 
these forces together make the total weight of the column of 
alr. 


L] 2-11. Which cube of air (A or B) has more weight acting 
on it from above, in Figure 2-1? 


Your answer to question 2-11 should have been *‘Cube 
B.”’ This is also the answer to the earlier question 2-9. 

The total weight of a column of air on imaginary cube B 
results in the air pressure on that cube. 


L] 2-12. How does the air pressure on cube B compare with 
the air pressure on cube A? 


Figure 2-2 suggests how particles in a column of air might 
be expected to look. 


You may want to check your understanding of the term 
pressure. If so, turn to Excursion 2-1, ““The Pressure’s On.”’ 

By now you should expect that air pressure will decrease 
as altitude increases. But you may wonder if air pressure 
can vary at the same altitude. For example, does atmos- 
pheric pressure vary right at the earth’s surface? 

To answer this question, you need some way of measur- 
ing atmospheric pressure. The next activities will show 
you how to make such a device and how it works. 

You need a partner and the following materials: 


1 balloon 
1 baby-food jar (must be large size) 
2 rubber bands 


ACTIVITY 2-3. Cut the end off the balloon, and stretch it over 
the mouth of the jar. Be sure the rubber balloon is stretched 
taut. Then have your partner fasten it in place, using the 
rubber band. The band will have to be doubled once or more 
to make a tight seal. To help ensure a seal, use a second 
tightly stretched rubber band around the jar. This seal is very 
important. 


Balloon 


Baby-food jar 


L] 2-13. Why is the seal important? 


What you have just made is the basic part of an atmos- 
‘pheric pressure measurer. Before finishing it, however, 
let’s use the matter model to explain how it should work. 








EXCURSION 


Excursion 2-1 will enable students to work 
with the idea of force per unit area meaning 
pressure. 


The seal is so important that you might want 
to have students use a second tightly 
stretched rubber band around the jar. 
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Figure 2-3 





Do you have a vacuum pump with bell jar 
available? This relationship of inside-outside 
pressure can be vividly illustrated. A partially 
inflated balloon inside the bell jar also makes 
a good demonstration. 


Changes in atmospheric pressure are rela- 
tively small, so students should not expect 
great changes in the shape of the rubber 
membrane. 


Figure 2-6 
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Air is both inside and outside the jar. The matter model 
says that the air particles are in motion (Figure 2-3). They 
are bouncing against the inside and the outside of the rub- 
ber cover. . 


If the jar is tightly sealed, no more air particles can enter 
or leave the jar. The rubber covering is flat (not bulging in 
or out). Therefore, the pressure of the moving air particles 
against the rubber covering is balanced. It’s balanced by 
the pressure of the moving air particles inside the jar. This 
is diagramed in Figure 2-4 with arrows representing forces. 
Force 1 is equal to Force 2. 


Suppose the particles inside the jar exerted more pres- 
sure on the rubber covering than the particles outside. Then 
the covering would bulge upward (Figure 2-5). In that case, 
Force 2 would be greater than Force 1. 


Figure 2-4 Figure 2-5 Vy 
OD RCPS 





L] 2-14. What would happen to the rubber covering if the 
forces (pressure) outside were greater than the pressure 
inside? (Show your answer by completing the drawing in 
Figure 2-6 in your Record Book.) 


The flexible rubber covering allows the volume of the air 
inside the jar to change. When the air pressure outside the 
jar increases, the rubber cover bulges in. When the air pres- 
sure outside is lower than it is inside, the rubber cover 
bulges out. 


You can add some parts to the jar. This will make it 
possible to measure very small changes in the movement of 
the rubber cover. To do so, you will need the following 


materials: 
1 plastic straw 1 small baby-food jar 
1 tongue depressor __ Plastic tape 
4 rubber bands Scissors or knife 


ACTIVITY 2-4. Cut one end of the straw at an angle to make it 
pointed. 


a 
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ACTIVITY 2-5. Gently place a 3-cm strip of plastic tape on the 
uncut end of the straw as shown. 


Various other materials may be used to fas- 
ten the straw to the balloon membrane. Can- 
die wax, plastic cement, or rubber cement 
have been tried. Whatever method is used, 





ACTIVITY 2-6. Tape the uncut end of the straw to the center be sure that students fasten only the tip of 
; ; the straw to the balloon, and right in the 
of the cover as shown. Run your finger nail along the tape on banter. 


each side of the straw. This will hold the straw tightly to the 
rubber covering, both in the center and at the edge of the jar. 


Tape Tongue 
depressor 





S Rubber 


wa bands 





ACTIVITY 2-7. Attach a tongue depressor to the second jar, 
as shown. 25 


ACTIVITY 2-8. Place the two jars side by side on a level sup- 
port (such as a large book). The pointed straw should be in 
front of the tongue depressor. Mark a short line on the de- 
pressor at the point of the straw. Label it 0 to show the start- 
ing position. 












With the tongue depressor’s scale in place, your atmo- 
spheric pressure measurer is complete. Let’s see how it 
works. Figure 2-7 should help you see this. 

When the air pressure inside is equal to that outside the 
jar, the pointer remains at zero (Figure 2-7A). When there 
is an increase in air pressure outside the jar, the cover is 
Figure 2-7 forced down. This moves the pointer up (Figure 2-7B). 









More air particles, 
increased pressure 


Pointer 
moves up. 


If the instrument needs to be moved very : 
much, a permament base, such as a board or : ; : D 

heavy cardboard should be used, so that the O 2-15. How will the pointer move if the air pressure out- 
jar doesn't have to be handled and the two side the jar is less than that inside the jar? 

jars remain oriented the same. 


[] 2-16. Give an operational definition of atmospheric pres- 
sure. (Refer to Resource 17, ‘“‘Operational Definitions,” if 
26 you nec¢ help.) 
2-16. The student answer should tell how of time. Movement of the pointer shows _ 
atmospheric pressure is detected and mea- changing atmospheric pressure and the 


sured. (Example: Observe the pointer onthe amount of movement shows how much 
atmospheric measurer device over a period change.) 


Do you understand how your instrument works? The 
pointer should move down from zero on the scale if the 
outside air pressure decreases. The pointer should move up 
from zero if the outside air pressure increases. 

The measuring device you’ ve made is called a barometer. 
[It can be used to measure atmospheric pressure (air pres- 
sure). However, its use is somewhat limited. 


ACTIVITY 2-9. Zero the pointer. Then hold your hands on the 
sides of the jar for several minutes without moving it. Note 
what happens to the pointer’s position. 





L] 2-17. Did the pointer move? If so, in which direction? 


L] 2-18. Did putting your hands on the jar have the same 
effect on the pointer as a change in outside air pressure? 


1 2-19. What kind of outside air pressure change would 2-19. A decrease in air pressure (The in- 

3 ; crease in pressure inside the jar has the 
produce the same result as your hands did? (An increase, or same relative effect that a decrease in out- 
a decrease, in pressure?) side air pressure has.) 


Putting your hands on the balloon jar didn’t change the 
pressure of the atmosphere. But it did change the pressure 
of the air inside the jar. How can this be? Well, you know 
that your hands are warm. If they warmed the jar, the air 
inside would become warmer, too. Then, according to the 
matter model, the air particles would move faster. This 
increased motion would cause the particles to hit the cover 
and walls harder. The flexible rubber on top of the jar would 
’ then bulge out and the pointer would move down as shown 


in Figure 2-8). CHAPTER2 27 
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Your barometer reacts to temperature changes as well as to 
pressure changes. 


L] 2-20. What effect do you predict decreasing the tempera- 
ture inside the jar would have on the movement of the 
pointer from a zeroed postion? 





PROBLEM BREAK 2-2 


Find out how decreasing the temperature of the air in the 
jar affects the pointer position of the measurer. Activity 
2-10 suggests one way to go about this. 


ACTIVITY 2-10. Set the rubber-covered jar in a pan of water at 
room temperature. Use a thermometer to measure the tem- 
perature of the water. Have the pointer adjusted so that it 
points to 0 on your scale. By adding ice or cold water, you 
can lower the temperature. 







Note the suggestion for lowering the tem- 
perature with ice. If this route is to be fol- 
lowed, you will need a supply of ice cubes 
again. 










Pan of water 
at room temperature 





L] 2-21. How is the pointer position affected when the 
temperature of the jar’s air is decreased? 


The accuracy of your atmospheric pressure measurer de- 
pends on the temperature of its surroundings. This of 
course limits its usefulness. It cannot be used effectively to 
compare air pressure at places where temperatures are dif- 
ferent. 

However, it can be used to measure pressure changes if 
the air temperature remains about the same. Of course, the 
measurer must be zeroed while at that location. 

You could use your barometer to collect weather data 
later. However, it must first have a calibrated scale. This 
scale can be made by using a standard barometer. There is 
one in your classroom. It probably looks like the barometer 
shown in Figure 2-9. 





The scale on your room barometer is probably marked in 
units of length—like inches or millimetres (Figure 2-9). Let 
- us see why pressure is measured in inches, or perhaps mil- 
limetres. 


For the better student, you might want to 
pose the rather difficult question of how the 
instrument could be modified so that it 
would not be temperature-dependent. Some 
rather novel (and perhaps unworkable) solu- 
tions could result. 


By now the permanently mounted aneroid 
barometer should have been corrected to 
sea level pressure. 


Figure 2-9 
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It might be interesting to note that the pres- 
sure exerted by a 10.4-m column of water or 
a 76-cm column of mercury is independent 
of the diameter of the column, because pres- 
sure is measured in force per unit area. 
Therefore, a 10.4-m column of water or a 
76-cm column of mercury exerts about 
1013.2 millibars pressure, no matter how 
large in diameter the column is. 


Figure 2-10 


Excursion 2-2 begins with a historical treat- 
ment of pressure measurement and then 
discusses the construction of an aneroid 


barometer. 


2-23. Yes, there would be less air above the 
mountain top, so there would be less force or 
weight exerted by it. 
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Scientists have compared air pressure with the pressure 
exerted by liquids. They have found the following relation- 
ship. 

A column of air extending from sea level out to the limit 
of the earth’s atmosphere has the same weight as (a) a 
10.4-m column of water (with the same diameter as the air 
column and as (b) a 76-cm column of the liquid mercury 
(also with the same diameter). Figure 2-10 illustrates this. 


Limit of the 
atmosphere 





76cm 
mercury 


V4 


This relationship means that air pressure can be com- 
pared with the pressure exerted by a column of liquid such 
as mercury or water. Normal air pressure at sea level is 
equal to the pressure exerted by 76 cm of mercury. 

In this module you are going to use a metric pressure 
unit, the milibar, to measure pressure. Here’s how millibars 
compare with cm of mercury: 

Standard sea-level pressure is: 

76 cm of mercury 
1013.2 millibars 

To find out more about millibars, do Excursion 2-2, 

‘‘Measuring Air Pressure . . . in Inches or Millibars?”’ 


[] 2-22. Use the room barometer to determine the air pres- 
sure where you are, in millibars. 


[] 2-23. Would you expect the barometer reading on a 
mountain top to be different from that at sea level? Explain 
your answer. 


Barometric pressure is an important measurement in 
working with weather. You soon will be recording daily 
measurements of the pressure. You will use the room 
barometer for these readings. 


SUMMING UP 


This chapter has taken you beyond the facts that warmer air 
rises and cooler air falls. You have learned the following: 


1. As air rises from the earth’s surface, the air gets 
cooler. 

2. Air has weight and exerts pressure. 

3. The number of air particles decreases with increasing 
altitude. 

4. As air rises, the pressure on it from the air above 
decreases. 

5. Air pressure can and does vary on the earth’s surface. 


These facts will be very important to your further study 
of air and weather. 


Before going on, do Self-Evaluation 2 in your Record Book. 


These points constitute a good checklist for 
the module material to this point. They can 
be used for small-group discussion or for 
items on a test. 


GET IT READY NOW FOR CHAPTER 3 


You will continue to need large and small 
baby-food jars. You will also need ice 
(crushed and cubes), hot water, and 
matches. Before students start using the 
sling psychrometers, you may want to em- 
phasize the exertion of reasonable care in 
swinging them to avoid injury and break- 
age. And for working with ice and water, stu- 
dents will need an adequate supply of paper 
towels. 
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Excursion 2-1 


The 
Pressure’s 


On 


EQUIPMENT LIST 
None 


PURPOSE: To operationally define pressure 
as force per unit area. 


This excursion is for remedial and general- 


interest usage. 

1. When force is spread over a greater area, 
it is less concentrated. 

2. Pressure is a measure of how concen- 
trated a force is, and is stated in units of 
force divided by unit of area. 


3. Air has weight and exerts pressure. 


2000-newton bar 





The term pressure will be used many times in this module. 
Do you understand what it means? Test yourself with the 
following Checkup. When you have finished, check your 
answers at the end of this excursion. If you get both 
answers correct and fully understand pressure, skip the rest 
of this excursion. If you are less successful or have any 
doubts, stay with it. 


-Note the use of a Checkup in the excursion 
as a means of finding out if the student 
needs help on pressure. 


CHECKUP 2-1 


This Checkup will use the term newton. You may not be 
familiar with this metric term, but it’s a good time to get 
acquainted. Look at Resource 7, ‘‘Scale Reading,’’ if 
you’re not sure what a newton is. 


1. In your Record Book, place a check by any of the follow- 
ing that could be a measure of pressure. 
a. 7 newtons (__) d. 4 square metres (__) 
b. 9 kilograms (__) e. 8 newtons per square 
c. 6 newtons per square cm (22) 
metre (__) 


2. A metal bar weighing 2000 newtons is lying on a bench. 
The area of the bottom of the bar is 0.2 square metre. What 
is the pressure of the bar on the bench? (_____) 


A person weighing 600 newtons walks across soft snow. 
The person sinks into the snow up to the knees. After put- 
ting on a pair of snowshoes, the person leaves only a shal- 
low footprint in walking across the same snowfield. Cer- 
tainly the person doesn’t weigh any less after putting on 
snowshoes. (In fact, the weight of the snowshoes would 
increase the total weight.) 


L141. Why doesn’t the person with snowshoes sink as 
deeply into the snow? 


In answering question 1, you probably used the idea that 
snowshoes spread the person’s weight over a bigger area. 
This idea is the key to understanding pressure. Whether the 
person is wearing snowshoes or not, the feet push on the 
snow with a 600-newton force. When the person wears 


snowshoes, this force is spread out over a bigger area. The 
term pressure is used to describe how concentrated a force 
is (how much force there is on each unit of area). One of the 
several ways that pressure might be measured is in newtons 
of force per square metre. Suppose the person takes a walk 
with one shoe and one snowshoe. To make the calculations 
simple, let’s suppose the total area of the shoe is 0.03 
square metre. The total area of the snowshoe is 0.3 square 
metre. 


600- N force 


600-N force 






Ordinary shoe 


Thus, the force exerted by each square metre of the shoe 
is 
600 N/0.03 sq m = 20 000 N/sq m 


This force per square metre is the pressure exerted on the 
snow under the shoe. All the person’s 600 newtons are 
spread over 0.03 square metre of snow. 

The force exerted on the snow under the snowshoe can 
be calculated in the same way. Each snowshoe has an area 
of 0.3 square metre. It is pushed into the snow with a force 
of 600 newtons. That’s if the person is putting all the weight 
on one foot. 


L] 2. Calculate the force exerted on each square metre of 
the snowshoe. (Divide 600 N by 0.3 sq m.) 


We can use this idea of pressure to explain why the per- 
son does not sink into the snow when wearing snowshoes: 


When wearing shoes, the pressure on the snow is 20 000 
-newtons per square metre. When wearing snowshoes, the 
pressure on the snow is less. It’s only 2000 newtons per 
square metre. 


0.3 square metre 






EXCURSION 2-1 
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Of course, what isn’t mentioned here but is 
nevertheless true is that air pressure is 
exerted in all directions. Unlike the shoes or 
the snowshoes, which exerted only a down- 
ward pressure on the snow, air pressure is 
also exerted sideways and upward on the 
building, and from the inside out as well as 
from the outside in. Thus, even though there 
is an air pressure on the house of about 100 
000 newtons per square metre from the out- 
side (downward, inward), there is an equal 
pressure of about 100 000 newtons/square 
metre from the inside (upward, outward). 
Therefore, unless the house is sealed tight 
and leakproof, and all the air pumped out of 
it, there is no danger of collapse from these 
tremendous forces and pressures. The 
forces and pressures are balanced, inside 
and outside, against each other. 
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Pressure, then, measures the concentration of a force. It 
can be operationally defined by this formula: 


newtons (force) 
Pressure (N/sq m) = 


Square metres (area) 


One newton per square metre is called a pascal (Pa). 


But what about air pressure? Like the person, air has 
weight. In fact, the air above your house or apartment (as- 
sume the roof of the house to have an area of 140 square 
metres) has a force of about 14 000 000 newtons. Air is not 
light! But what about the pressure? The 14 000 000 newtons 
exerted by this great weight is spread over the total area of 
your house. So you can determine the air pressure on it. 


14 000 000 newtons 





140 square metres 





If we apply the operational definition that pressure = 


eOrCe NE , then the air pressure on the house would be this: 
area (sq m) 
14 000 000 N 
all DECSSURCs 
140 sq m 
= 100 000 N/sq m (pascals) 


Every square metre of roof has 100 000 N of air weight on 
it. For answers to Checkup, invert the page. 
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What does it mean to say that the atmospheric pressure is 
30 inches of mercury? What has the length of mercury got 
to do with pressure? And anyway, aren’t we supposed to be 
using millimetres or centimetres in the metric system? 

The first person to use the length of a column of mercury 
to measure air pressure was Evangelista Torricelli, an Ital- 
ian who died at age 39 in 1647. Rather than describe Tor- 
ricelli’s experiments to you, we will give you the chance to 
read some of his own words. The letter that appears on the 
following pages is part of a longer letter written by Tor- 
ricelli in 1644. We found this old document of great interest 
and hope you will, too. A few marginal notes have been 
added to help you understand it. 


CHEIBAROMETER* 
(To Michelangelo Ricci in Rome) 


Florence, June 11, 1644 
MOST ILLUSTRIOUS SIR AND 
MOST LEARNED PATRON 


I have already called attention to the fact that there are in progress 
certain philosophical experiments, relating to vacuum, designed not 
simply to make a vacuum but to make an instrument which will show 
the changes in the atmosphere, as it is now heavier and more gross and 
now lighter and more subtle. 


We live immersed at the bottom of a sea of elemental air, which by 
experiment undoubtedly has weight, and so much weight that the 
densest air in the neighborhood of the surface of the earth weighs about 
_ one four-hundredth part of the weight of water. Certain authors have 
observed after twilight that the vaporous and visible air rises above us to 
a height of fifty or fifty-four miles. But I do not think it is so much, 
because I can show that the vacuum ought to offer a much greater 
resistance than it does, unless we use the argument that the weight 
which Galileo assigned applies to the lowest atmosphere, where men 
and animals live, but that on the peaks of high mountains the air begins 
to be more pure and to weigh much less than the four-hundredth part of 
the weight of water. 


* Adapted from pages 945-948 of A Treasury of World Science, edited by Dagobert 


D. Runes, copyright 1962. Philosophical Library, Inc. Used by permission. 
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Measuring Air 
Pressure... 
in Inches or 
Millibars? 


EQUIPMENT LIST 
Aneroid barometer 


This is a general-interest excursion. 


PURPOSE: To present a historical treatment 
of Torricelli's mercury barometer, and apply 
it to the aneroid barometer. 


MAJOR POINTS 


1. The mercury barometer was invented by 
an Italian scientist named Torricelli. 

2. An aneroid barometer uses a collapsible 
box instead of a column of mercury. 

3. Pressure can be measured in millibars. 


4. When the pressure is given in inches or | 


mm of mercury, it is telling how tall a column 
of mercury the pressure of the air could sup- 
port. 


Torricelli tells Ricci that 
he has constructed an 
instrument to measure 
changes in air pressure. 


Air pressure is due to the 
weight of a column of air 

80 km high. The air is 

most dense near the earth’s 
surface and much less dense 
at higher altitudes. 
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The column of mercury 
is supported by air 


Air pressure will 
support a column of 
water about 10.4 m high. 


Torricelli did not choose 
to use the instrument to 
measure air pressure 
because he considered 
the height of the column 
to depend also upon 
temperature. This effect is 
actually very small and is 
usually ignored. 


EXCURSION 2-2 


We have made many vessels of glass like those shown as A and B 
(Fig. 1) and with tubes two cubits long. These were filled with 
quicksilver, the open end was closed with the finger, and they were then 
inverted in a vessel where there was quicksilver C; then we saw that an 
empty space was formed and that nothing happened in the vessel where 
this space was formed. The tube between A and D remained always full 
to the height of a cubit and a quarter and an inch over. 


A glass tube about three The level of mercury in 
feet long was filled with the tube fell until it was 
mercury (quicksilver) about 760 mm above 
and inverted in a bowl the level of the mercury 
of mercury. in the bowl. The space 


above the mercury 
column was essentially 
a vacuum. 


I asserted that the force which prevents the quicksilver falling down 
is external and that the force comes from without. On the surface of the 
liquid which is in the bowl there rests the weight of a height of fifty 
miles of air; then what wonder is it if into the vessel CE, in which the 
quicksilver has no inclination and no repugnance, not even the 
slightest, to being there, it should enter and should rise in a column 
high enough to make equilibrium with the weight of the external air 
which forces it up? Water also in a similar tube, though a much longer 
one, will rise to about 18 cubits, that is, as much more than quicksilver 
does as quicksilver is heavier than water, so as to be in equilibrium with 
the same cause which acts on the one and the other. 


I have endeavored to explain by this principle all sorts of repugnances 
which are felt in the various effects attributed to vacuum, and I have not 
yet found any with which I cannot deal successfully. I know that your 
highness will perceive many objections, but I hope if you think them 
over they will be resolved. My principal intention I was not able to 
carry out, that is, to recognize when the atmosphere is grosser and 
heavier and when it is more subtle and lighter, because the level AB in 
the instrument EC changes for some other reason (which I would not 
have believed) especially as it is sensible to cold or heat, exactly as if the 
vessel AE were full of air. 


Your devoted and obligated Servant, 
E. TORRICELLI 


If you have, or can procure, a mercury 
barometer for comparison, it will help with 
whole air-pressure concept. 
Instead of using a mercury barometer to measure air Figure 1 
pressure, you will be using an aneroid barometer. Aneroid 
means ‘“‘without fluid.’ Instead of fluid, this barometer uses 
a small disk-shaped box. Most of the air has been removed 
from the box. The disk can be seen in most aneroid 
barometers by looking through the hole in the dial. The disk 
will look something like the one drawn in Figure 1. 


Air pressure 
increases 


As the air pressure on the disk changes, the top and 
bottom either are squeezed together or expand. This causes __ Disk 
levers and springs to move the pointer. with most of 

You will notice that there are two circular scales on the ‘‘M€ air removed Air pressure 
barometer face (Figure 2). The top scale tells you the height decreases 
in inches to which a column of mercury can be supported 
by the pressure of the air. Remember that Torricelli found 
this to be about 30 inches, or about 760 mm. 


Figure 2 


Actually, the commercial barometer is not 
too dissimilar from the student-constructed 
one in principle of operation. 


Barometric pressures on standard weather 
maps are given in millibars. Fundamentally, 
the reason that millibars are used instead of 
inches or mm of mercury is that the latter are 
not pressure units, while the former are. To 
be precise, a millibar is one thousandth of a 
bar. A bar is one million dynes per square 
centimetre. A dyne is a metric unit of force 
approximately equal to the weight of a milli- 
gram, and is equal to one one-hundred- 
; : as thousandth (0.00001) of a newton. So a mil- 
The bottom scale records the air pressure in millibars libar is 1000 dynes per square cm, or 100 


(mb). A millibar is a measure of pressure. Remember that newtons per square metre. 
pressure can be expressed as the amount of force per area 

(see Excursion 2-1, ‘‘The Pressure’s On’’). One millibar of 
pressure is the same as about 98 newtons per square metre. 


The air pressure needed to support a column of mercury 30 
inches high is 1016 millibars. 





(11. What air pressure, in millibars, is required to support 
a mercury column of 760 mm? 


1] 2. How many millibars of pressure are required to sup- 
port a 737-mm (29-inch) mercury column? 


Now’s let’s find out how to operate the aneroid barome- 
ter. Notice that the bottom scale has large numbers on it. - EXCURSION 2-2 37 


Millibars are measured in numbers close to 1000. The heavy 
black needle is pointing to 1000 millibars (Figure 3). If it 
were pointing five spaces to the right of 1000, the reading 
would be 1005 millibars. Each of the marks is one millibar. 


Figure 3 





Note the instruction for the student to check L] 3. Go to where the aneroid barometer is located in your 

the reading with you. : : ; : 
room (or in the weather station). Record the air pressure in 
millibars. 


Before continuing, check your reading with your teacher. 
You will notice that there is a silver needle on the barome- 
ter. This needle can be used as a marker. It will help you 
keep track of how air pressure changes from one reading to 
the next. Suppose you set the silver needle directly over the 
black needle. Then you can see how much, if any, the black 
needle has moved when a later reading is made. You can 
move the silver needle by turning the knob on the face of 
the barometer. You can immediately tell if there was a rise 
or fall in the pressure since the last reading. 


L] 4. Figure 4 shows the position of the black needle about 
12 hours after its position was marked with the silver nee- 
dle. How much has the reading changed in 12 hours? 


[1 5. Does the change in pressure represent a rise, or a fall, 
in air pressure? 


Here is a good technique to use when reading an aneroid 
barometer. Gently tap the glass of the barometer before 
taking the reading. This will force the needle bearing if it is 
sticking slightly. That is a common occurrence in many 

38 EXCURSION 2-2 aneroid barometers. Try tapping it and see. 





Figure 4 





Are you sure of your ability to “‘read’’ the aneroid 
barometer? If not, test yourself with the three problems in 
the following Checkup. You can check your answers at the 
end of the checkup. 


CHECKUP 2-2 


1. Move the silver needle on the aneroid barometer (by 

turning the knob) so that it points to 989. 

Move the silver needle so that it points to 1013. 

3. What is the barometric pressure, in millibars, shown in 
Figure 5? 


N 


Figure 5 


Answers to Checkup 


1. See your teacher. 
2. See your teacher 
3. 1017.5 millibars 


If you missed any of these, and don’t understand why the 
answers given are correct, take a look at Resource 7, 
‘Scale Reading.’’ It may straighten out your problem. 





Note that you are being called on for aid. You © 
will have to use your judgement on what re- | | 
mediation should be recommended. Possi- | 


bly going back through the excursion would © 
suffice. : 


RESOURCE] 








Making Visible 
the Invisible 


EQUIPMENT LIST 


Per student-team 


1 100 ml beaker Crushed ice 
2 large baby-food jars 2 ice cubes 
1 thermometer Hot water 

1 clear plastic cup Matches 


1 sling psychrometer Paper towels 


1 plastic sandwich bag 


It’s no secret to most people that clouds are made of water. 
We’ ve all seen water falling from the sky. And almost every 
time this happens, there are clouds up there. Most people 
also know that the water in clouds evaporated from the 
earth’s surface. Sunlight on lakes, ponds, rivers, and 
oceans changes liquid water to water vapor. Trees and 
other plants release some of the moisture in their leaves to 
the air, too. 

But what most people don’t know is why the clouds 
form. And they’re not sure why they usually form so far 
above the earth’s surface. Perhaps you know the answers, 
or think you do. Whether you do or not, you should test 
your ideas with the activities in this chapter and the next. 

First, you need to investigate the effect of temperature on 
the amount of water vapor in air. You and a partner will 
need the following equipment. 


1 100-ml beaker containing crushed ice 

1 large baby-food jar, half full of water at room tempera- 
ture 

1 thermometer 

Aluminum can (or clear plastic cup) 


Ice 


ACTIVITY 3-1. Add ice and water to the can until it is 3 full. 
Observe what happens on the outside of the container. 


CHAPTER EMPHASIS 


Invisible water vapor in the air can be made 
visible by condensation, and the amount of 
water vapor in air can be measured in terms 
of dew-point temperature and relative hu- 
midity. 


Excursion 3-1 is keyed to the chapter. 


MAJOR POINTS 


1. Condensation of water vapor occurs 
when air temperature is lowered to the dew- 
point temperature. 

2. Clouds are composed of visible water 
droplets. 

3. If condensation of water vapor occurs 
below freezing temperature, frost forms. 

4. Relative humidity is a comparison, in per- 
cent, of the amount of water vapor in the air 
with the greatest amount that air at the par- 
ticular temperature could hold. 

5. A sling psychrometer is a convenient in- 
strument for obtaining wet- and dry-bulb 
temperature readings. 

6. Pre-computed charts can be used to con- 
vert wet- and dry-bulb temperature readings 
to relative humidity and dew-point tempera- 
ture. 

7. Solid particles (dust, smoke, salt) provide 
the surfaces needed for water vapor to con- 
dense into a cloud. 


Either a polished copper can, an aluminum 
can, or a smooth, clear plastic cup can be 
used for dew-point determination. 





Water 


41 


Water at room 
temperature 


Note Do not breathe on the can while you 
are observing the thermometer. 


In Activity 3-2, it is important that the outside 
of the container be absolutely dry, and that 
the water put into it be at room temperature. 
On days when the humidity is high, even a 
slight decrease in temperature will cause 
condensation to form. Thus, if cooler water 
is put into the container, moisture may form 
on the outside before a temperature reading 
can be taken. 
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[] 3-1. What did you observe happening on the outside of 
the container after you added the ice and water? 


L] 3-2. Explain your observation in questions 3-1. 


[] 3-3. Have you seen this sort of thing happen in other 
situations? If so, describe them. 


You should have found that a film of water formed on the 
outside of the container. 


L] 3-4. Where did the water droplets that formed on the 
outside of the container come from? 


The ice water lowered the temperature of the container. 
This caused a film of water to form on its outside. But is 
there a certain temperature at which the moisture first ap- 
pears? Try to find out by using the equipment you already 
have. Before you begin, empty the container. Dry it, and 
allow it to return to room temperature. 


ACTIVITY 3-2. When the container has returned to room 
temperature, fill it-4-full of water at room temperature. Place 
the thermometer in the water. Record the thermometer read- 
ing in Table 4-1 in your Record Book. 


L] 3-5. Does moisture appear on the outside of the con- 
tainer when it is at room temperature? 


ACTIVITY 3-3. Add crushed ice to the water in the can, a little 
at a time. Be sure you lower the temperature gradually. After 
each addition, stir the water with the thermometer. Keep 
adding small amounts of ice until the moisture forms. At the 
moment the water film first appears on the container, read 
the temperature. Record that temperature in Table 3-1 for 
Trial 1. 






Add crushed 
ice slowly. 


Urge students to lower the temperature of 
the water very gradually, by adding small 
amounts of ice. If it is done too rapidly, the 
temperature will pass through the dew point 
so fast that the thermometer reading will not 
be the true dew-point temperature. 





Repeat the activity to get readings for a second and third 
trial. Be sure to dry the cup and use water at room tempera- 
ture each time. Record the data. If you have ice left over, 
return it to your teacher. Or give it to other students who 
need it. 


L] 3-6. Why were three trials used? 


Table 3-1 





0 3-7. What was the average temperature at which the film 
of water formed? 


By now perhaps you’ ve figured out that the water which 
appeared on the can came from the air in your classroom. 
Water vapor is an invisible gas just like the air. It became 
visible only when it collected on the surface of the cold 
container. This changing of the gaseous water to liquid 


water is called condensation. Tiny water droplets form | 


when the air temperature is lowered to some very definite 
point (called the dew-point temperature). At that tempera- 
ture, the air can no longer hold all its moisture. The invisi- 
ble water vapor from the air then becomes visible as tiny 
droplets form. The droplets formed on the container be- 
cause it was much colder than its surroundings. The air 
near it was colder than the rest of the air in the room. 


(13-8. Suppose the temperature of the container had been 
below freezing. What would you expect to happen to the 
water vapor? 


By now, students should realize why three 
readings are taken and averaged, but you 
might have to point out that it is one method 
of handling experimental error. Once again, 
they should be sure to dry the cup and use 
water at room temperature each time. 


For condensation to occur, the water vapor 
particles must give up some of their energy 
to the ice water. 


3-8. It will change to frost (solid-water parti- 
cles) on the container. (You may have a re- 
frigerator in the school in which this could 
be tried. Some students may ask, ‘‘Didn’t the 
water vapor just condense and then freeze?” 
Not so. Water has the ability to go directly 
from gaseous state to solid state or solid 
state to gaseous state by sublimation with- 
out forming a liquid in between.) 
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Meterologists measure the amount of water 
vapor in air in several different ways, one of 


which is relative humidity. 


44 


Relative — 
humidity 


CHAPTER 3 


Greatest amount of water vapor possible in air at that temp. 


You can check your answer to this last question by put- 
ting a small dry can in the freezing compartment of your 
home or school refrigerator. Observe what happens. 


11 3-9. How do you explain your observation? 


11 3-10. According to your investigation, which will hold 
more water in the gaseous form, warm air or cold air? 


Obviously, clouds aren’t invisible. You can see them. 
This means that to make a cloud, you must make invisible 
water visible. You have just seen one way to make the 
invisible visible—lower the temperature of the air. You saw 
water droplets form on the cold surface of the cup. 

Before you investigate another way to make water vapor 
visible, you should learn a bit more about water vapor. 

You have learned that there is a limit to the amount of 
water vapor that air can hold. This limit depends upon the 
temperature of the air. Warm air can hold more water vapor 
than cold air can hold. You saw what happens when warm 
moist air is cooled. At a certain temperature (the dew-point 
temperature), the cooling air contains all the moisture it is 
able to hold at that temperature. If it is cooled below the 
dew point, some vapor must condense as water droplets. 

Meteorologists (weather forecasters) measure the 
amount of water vapor present in air. They call this mea- 
sure the relative humidity. The measure is actually a com- 
parison. It compares the amount of water vapor in air at 
some temperature with the greatest amount that could be in 
the air at that same temperature. 

Relative humidity is defined by this formula: 


Amount of water vapor in air at certain temp. 
P P x 100% 





Suppose the relative humidity of air is 75%. This means 
that the air contains 75% of the water vapor that it is possi- 
ble for it to contain at that temperature. 

For example, suppose 1000 millilitres of air at 20 °C could 
contain 20 milligrams of water vapor. The relative humidity 
is 75% if the air actually contains 75% of 20 milligrams (that 
is, 15 milligrams) of water in each 1000 millilitres. . 

The figures in that example are given below to show how 
the formula is used: 


Relative _ 15 milligrams 


fae x 100% = 0.75 x 100% = 75% 
humidity 20 milligrams 

L] 3-11. What does it mean to say “‘the relative humidity is 

50%? 


L] 3-12. Suppose 1000 ml of air contains 10 mg of water 
vapor. At this temperature, the same volume of air could 
hold 50 mg of water. What’s the relative humidity of the 





air? 
L] 3-13. Which is the better phrase? » 


BOY / THE RELATIVE 
HUMIDITY MUST 
BE 99% 


WOW / THE RELATIVE 
HUMIDITY IS 
0 AT LEAST 10% 


The amount of moisture in the air (the humidity) is an 
important factor in weather. You need to know how to 
measure it. 

A common instrument for measuring humidity is called a 
sling psychrometer. It operates on the principle that when a 
liquid evaporates, it cools. It consists of two thermometers 
fastened back to back, with a handle by which they can be 
whirled. One thermometer has on it a cloth sleeve, or wick, 
to hold water. Get a sling psychrometer from the supply 
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For your information, the decrease in tem- 
perature of the wet bulb due to evaporation 





is called the wet-bulb depression. 


Figure 3-1 





Dry bulb 
322°C 


Difference = 4° C 


Wet bulb 
Wet wick with water 
at room temperature. 





ACTIVITY 3-4. Wet the wick with room-temperature water. 
Swing the psychrometer around for 15 seconds. Be careful 
not to hit anything. Note the temperatures of the dry bulb and 
the wet bulb. Whirl it for another 15 seconds. Note the tem- 
peratures again. When the wet-bulb temperature reaches its 
lowest value, record both the wet- and dry-bulb tempera- 
tures. _ 











Dry bulb 


a ae 


L] 3-14. Record the two temperatures from Activity 3-4, 
wet-bulb and dry-bulb. 


L] 3-15. What is the difference in degrees between the 
wet-bulb and dry-bulb temperatures? 


To determine the relative humidity, you need to use 
Table 3-2. Here’s some help with a sample problem using 
Table 3-2. 

Suppose the wet-bulb temperature is 28 °C and the dry- 
bulb temperature is 32 °C. The difference is 4 °C. Locate 32 
°C on the ‘‘Dry-bulb temp.’’ column on the left of the table. 
Put a finger of your left hand on this spot. Locate 4 °C 
across the top of the table under “‘Difference between wet- 
and dry-bulb temp.’’ Put a finger of your right hand on this 
spot. See the arrows on Table 3-2. 

Move your left-hand finger across the table to the right as 
you move your right-hand finger down the 4 °C column. 
Where your fingers meet, read the relative humidity as 
74%. Try another for practice. 


L] 3-16. The dry-bulb temperature is 34 °C and the differ- 
ence between the wet- and dry-bulb temperatures is 7 °C. 
What is the relative humidity? If your answer is 58%, 
you’ve got the idea. 
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Note that you are called on to check the rela- 
tive humidity reading to be sure the students 
are on the right track. 


3-19. 100% 


3-20. The same temperature as that of the 
wet- and dry-bulb thermometers. (A normal 
occurrence when this happens is condensa- 
tion. If it happens at the earth’s surface, dew 
or frost forms. If it happens in the atmo- 
sphere, a cloud forms. If the cloud forms 
close to the earth, it is called fog.) 


Excursion 3-1 investigates cooling by evap- 
oration and applies the particle model of 


matter. 
2 


Use your sling-psychrometer readings from Activity 3-4 
(questions 3-14 and 3-15) to find the relative humidity. 


L] 3-17. What is today’s relative humidity? 


To be sure you’re on the right track, check your answer 
with your teacher. 


L] 3-18. Write an operational definition of relative humid- 
ity. (How do you detect and measure it?) 


Back to the dew-point temperature 


Dew-point temperature was defined earlier as the tem- 
perature at which air can no longer hold its moisture. At 
that temperature, water vapor from the air collects on a 
surface as a liquid (dew) or solid (frost). Remember that 
warm air can hold more mositure than cold air can. Dew- 
point temperature can be determined from a chart similar to 
the one you used for relative humidity (see Table 3-3). 

Suppose it’s a beautiful spring day. You use the sling 
psychrometer to read a dry-bulb temperature of 30 °C and a 
wet-bulb temperature of 25 °C. This means the difference 
between wet- and dry-bulb temperature is 5 °C. 

Put a finger of your left hand on the dry-bulb temperature 
of 30 °C in the left-hand column of Table 3-3. Put a finger of 
your right hand on the difference, 5 °C, across the top of the 
table. Move your left finger over and your right finger down 
until they meet. You get a dew-point temperature of 26 °C. 

Refer to the relative-humidity chart (Table 3-2) and the 
dew-point chart (Table 3-3) as you answer questions 3-19 
and 3-20. 


L] 3-19. What would the relative humidity be when the wet- 
and dry-bulb temperatures are the same? 


[] 3-20. What would the dew-point temperature be when 
the wet- and dry-bulb temperatures are the same? \ 


L] 3-21. Give an operational definition of dew-point temp- 
erature (how you detect and measure it). 


You may wonder why you have to swing the psychrome- 
ter to measure humidity and dew point. If so, you should 
turn to Excursion 3-1, ‘““The Shivering Thermometer.”’ 


Table 3-3 


Dry- Dew-point temperature (°C) 
bulb [— ; 
temp. Difference between wet- and dry-bulb temp. (°C) 
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. Because the temperature must be low 


nough for condensation to occur. 


Oo W 


Figure 3-1 


The term is not necessary for students, but 
the solid particles on which water will con- 
dense are called hygroscopic particles. Not 
all solid particles act suitably in the forma- 
tion of water droplets. Condensation nuclei 
must attract water. The importance of these 
nuclei in the air is demonstrated by the fact 
that heavy fogs occur around industrial in- 
stallations, whereas fewer fogs form in rural 
areas with air of equally high moisture con- 
tent. : : 







You started this chapter trying to explain why clouds 
form as they do. You’ve learned that cooling the air can 
cause the water vapor it contains to condense. However, 
you haven’t really seen any clouds form during your ac- 
tivities. The only condensing you have seen has taken place 
on a solid surface. 

This suggests that water vapor must have some kind of 
solid surface on which to form liquid droplets. How then 
can clouds form? Are there such surfaces high in the air? 

Almost all air contains some solid particles. Dust, salt 
crystals, and smoke particles are commonly found in air. 
These solid particles provide the surfaces needed for drop- 
let formation. Such particles are found at most altitudes. 
Most of them are found near the earth’s surface as shown in 
Figure 3-1. 


L] 3-22. If more solid particles are found near the surface of 
the earth, why do most clouds form at higher altitudes? 





You’ve seen that decreasing temperature can produce 
condensation of invisible water vapor. 


L] 3-23. Suppose the air being cooled also contained fine 
solid particles, such as those in smoke. What do you predict 
would happen? 


Check your prediction by doing the following experi- 
ment. You will need these materials. 


2 large baby-food jars (labeled ‘‘1’’ and ‘‘2’’) 
1 plastic sandwich bag 

2 ice cubes 

Hot and cold water 


ACTIVITY 3-5. Put 50 ml of cold water into jar 1. Then place a 
plastic bag containing two ice cubes on top of the jar. Ob- 
serve for about one minute. (Hold the ends of the bag with 
your hands.) 


~1 _Baby-food 
jar 
50 ml 
=e cold water 
LASS 
Plastic bag 


with ice cubes 


Do you need help in measuring 50 ml of water? If so, do 
Resource 2, ‘‘More Metric Measures.”’ 


ACTIVITY 3-6. Repeat Activity 3-5, using hot water in jar 2. 





50 ml 
hot water 


It is difficult to duplicate a genuine cloud in 
the laboratory. The science of cloud physics 
is one of the most difficult areas of 
meteorology. Scientists have found it ex- 
tremely hard to observe what takes place ina 
cloud without interfering with natural pro- 
cesses. 
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GET IT READY NOW FOR CHAPTER 4 


You are faced with the problem (if you have 
not already solved it) of locating the weather 
instrument furnished in the kit. Note that two 
are furnished, with the idea that if one could 
be placed outdoors, the other could remain 
in the classroom for instructional and refer- 
ence purposes. There are at least 3 possible 
solutions for the weather watch: (1) If se- 
curity will permit, mount the instrument in a 
permanent position so that it gets the un- 
obstructed wind from all directions. The lo- 
cation must be accessible to the students for 
reading, and relatively safe to avoid damage. 
Screws furnished with the instrument may be 
used to fasten it to an upright support. It 
should be oriented with “S” pointing true 
north. 


(2) If danger from vandalism is too great and 
you cannot leave the instrument outside, you 
will have to devise a method for making it 
portable. This might be done by mounting it 
on a2 X 4 support or other upright about 2 
meters long. You will need a permanent base 
support set up outside so that when the in- 
strument is carried from the building and 
erected, it is always oriented in the proper 
direction. The location should still be one 
that has no obstructions for the flow of wind. 
Note that in this case the rain gauge will be 
inoperative because the instrument will not 
be in position to catch the rainfall at all 
times. Perhaps you can supply the data on 
daily precipitation from newspaper, radio, or 
TV weather reports. (3) Your school may 
have a permanently mounted, remote- 
reading weather station; data could be col- 
lected from this every day. 

The student weather watch is to continue for 
2 weeks, so an adequate and reliable solu- 
tion to the problem is of utmost importance. 
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Before going on, do Self-Evaluation 3 in your Record Book. 


Table 3-4 should show an increasing amount 
of cloud formation in 1, 2, and 3. You may 
want to get some small-group discussion 
going on why this is so. The matter model 
predicts that more water particles will be es- 
caping from the hot water because of their 
more rapid motion. This means that the air 
above the hot water will contain more water 
vapor. The addition of smoke furnishes more 
solid particles for the water to condense on. 
It is interesting to note that even without the 
addition of smoke, some condensation oc- 
curs. In this modern world, there are already 
lots of solid particles in ordinary air. That’s 
what air pollution is all about. 


ACTIVITY 3-7. Remove.the bag from jar 2. Light a match, Let 
it burn for two or three seconds. Drop the match into the jar. 


ACTIVITY 3-8. Now place the bag of ice cubes on top of the 
jar again. Observe for one minute. 


Summarize your results in Table 3-4 in your Record 
Book. 


Table 3-4 





1 3-24. Did the presence of smoke particles have an effect 
on the amount of mist that formed in the jar? 


The experiment you did showed you one way to form a 
cloud. All you have to do is cool wet air that contains solid 
particles. You know that the atmosphere contains both 
water vapor and solid particles. . 


CL] 3-25. What happens to the temperature of air as the air 
rises to higher altitudes? (If you don’t remember, refer to 
Figure 2-2.) 


Try to remember your last vaccination. Was alcohol used to 
clean your arm? If so, you probably noticed that the 
cleansed spot on your arm felt cold. Why? 


ACTIVITY 1. Lick the back of your hand. Wait a few seconds; 
then blow across the wet spot. 





11. Describe how the wet spot felt before you blew across 
it, and then while you blew across it. 


Let’s find out more about this cooling. You will need the 
following materials: 


1 thermometer 
1 4-cm piece of wick 
Baby-food jar, half-filled with alcohol 


ACTIVITY 2. Place a dry wick over the end of a thermometer. 
In doing this, your fingers will probably touch the bulb and 
cause the temperature to rise. When the temperature returns 
to normal, record it as temperature A in Table 1. This is the 
temperature of the air. 





Thermometer 


Excursion 3-1 


The Shivering 
Thermometer 


EQUIPMENT LIST 


1 thermometer 
1 4-cm piece of wick 
1 baby-food jar 
Alcohol (burner fuel) 


This is a general-interest excursion. 


PURPOSE: To assist the student in applying 
the matter model to evaporation and con- 
densation. 


MAJOR POINTS 


1. Evaporation of a liquid causes cooling of 

the surface it was on. 

2. The faster a liquid evaporates, the greater 

the cooling of the surface. 

3. The matter model is applied to explain the 

phenomenon of evaporative cooling. 

a. It predicts that energy is absorbed by a 
liquid when it changes to a gas. 

b. It also predicts that a flow of air over a 
liquid causes more rapid evaporation. 

c. The matter model predicts that as a gas 
cools, its particles lose energy, move 
more slowly, and are attracted together 
(condense) to liquid form. 

4. The model suggest that when air is satu- 

rated, as many water particles return to 

liquid as would leave the liquid. 
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EXCURSION 3-1 


ACTIVITY 3. Place the thermometer in the jar of alcohol. 
Record the temperature of the alcohol as temperature B in 
Table 1. 


ACTIVITY 4. Remove the thermometer from the alcohol and ~ 


wave it around for about 15 seconds. Record the temperature 
as temperature C in Table 1. 


Table 1 





L] 2. What is the difference between temperature A and 
temperature B? 


L]3. What is the difference between temperature B and 
temperature C? 


L] 4. How do you explain these differences in temperature? 


You probably found that the air temperature (A) and the 


alcohol temperature (B) were very similar. However, 


temperature C was much lower. 


L] 5. What Raprened to the alcohol as the temperature 
dropped? 


\ 


soaks 


Alcohol was used in this activity because it evaporates 
rapidly. This evaporation is related to the temperature drop 
that you observed. Blowing across the wet spot on your 
hand speeds up the evaporation of the liquid. You can com- 
pare the cooling effect of evaporation of the two liquids. 


ACTIVITY 5. Put a small amount of alcohol on the back of one 
hand. Then lick the back of the other. Now blow across both 
hands at the same time. Continue blowing until one of the 
liquids disappears. 


L]6. Which hand felt cooler as you blew across it? 


L] 7. Which liquid evaporated faster? (You may want to 
devise another way to compare the evaporation rates of the 
liquids.) 


It requires energy to change a liquid to a gas. That’s why 
you use heat (energy) to boil water in a teakettle. 


(| 8. Explain the fact that the backs of your hands felt cool 
while the liquids were evaporating. 


[]9. Why did the alcohol make the hand feel cooler than 
the other liquid did? 


WET- AND DRY-BULB THERMOMETERS 


Recall how you determined the relative humidity and 
dew point by using the sling psychrometer. The tempera- 
ture of the wet-bulb thermometer was lower than that of the 
dry-bulb thermometer. What you know about cooling and 
evaporation should help explain this difference. The energy 
needed to evaporate the water from the wick was taken 
from the wet-bulb thermometer. As a result, the thermome- 
ter cooled down. 

But why did you have to twirl the sling psychrometer 
around? Why wasn’t the difference between the dry- and 
wet-bulb thermometers always the same? Let’s try an ex- 
periment to find the answers to these two questions. You 
and a partner need these materials. 


1 thermometer 
1 wick 
1 baby-food jar, half-filled with alcohol 





Using a medicine dropper, students might S 
put a single drop of water and asingle drop # 
of alcohol on a nonabsorbing surface and 
find out which drop disappears first. : 


8. The energy required for evaporation : 
comes (partly) from the skin. 
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EXCURSION 3-1 


ACTIVITY 6. Place the wick over the end of the thermometer. 
Dip the thermometer into the alcohol and remove it. Place it 
on the table and read the temperature at 15-second intervals. 
Record the readings in row 1 of Table 2. 


Table 2 





ACTIVITY 7. Again dip the thermometer and wick into the 
alcohol. Remove it, and wave it around steadily. Stop at 15- 
second intervals to read the SAU Record the read- 
ings in Table 2. 


(110. Using your matter model, explain why the moving 
thermometer cooled off more rapidly. If you’re not sure 
about the matter model, look at Resource 14, ‘“The Matter 
Model.”’ 


The matter model says that heat energy speeds up mov- 
ing particles. The fast-moving particles may leave the liquid 
to become part of the gaseous air. Collisions between gase- 
ous water particles above the liquid may knock some parti- 
cles back into the liquid again. Some particles may return to 
the liquid just because they are moving in that direction. 

When will the number of particles of evaporated liquid ~ 
returning to the liquid be the greatest? When the air above 
the liquid is saturated with particles from the liquid. Satu- 
rated means the air has all the evaporated liquid it can hold. © 
A sponge is saturated with water when it is holding all the 
water it can. 

Suppose, for example, the evaporating liquid is water. 
The greatest return of water particles to the liquid would © 
occur when the air is saturated with water vapor. In other 
words, it would be when the humidity is 100%. The number — 





of particles leaving the liquid would be balanced by the 
number of evaporated liquid particles returning. This idea 
of particle balance is illustrated in Figure 1. 


Figure 1 SATURATED AIR 


(100% humidity) 











Number of particles — 
leaving the liquid 


Number of particles 
reentering the liquid 


[]11. Suppose the particles leaving the liquid were re- 
moved from above the liquid (blown away, for example). 
How would this affect the evaporation of the liquid? 


Perhaps you can see why you “‘sling”’’ the psychrometer. 
(The same reason explains why wet clothes dry faster ona 
windy day than on a day when the air is calm.) The air near 
the wet-bulb thermometer may be saturated with water. By 
swinging the thermometer, you bring the wet surface into 
regions where the air is not saturated. 

[]12. Suppose the humidity in your classroom is 100% 
(saturated air). How would the temperature of the wet- and 
dry-bulb thermometers compare? 


When the air is not saturated, particles will evaporate 
from the wet-bulb thermometer. The drier the air, the faster 
the evaporation. Thus, the better the cooling and the great- 
er the difference between the wet- and dry-bulb readings. 

In humid (moist) air, the difference in temperature be- 
tween the two thermometers is slight. In dry air, the wet- 
bulb thermometer gives a lower reading than the dry-bulb 
’ thermometer. This should help explain the figures in Table 
3-2 of Chapter 3. 


UNSATURATED AIR 
(Less than 
100% humidity) 







° Liquid 


Number of particles > 
leaving the liquid 


The evaporation of water into water vapor is 
somewhat akin to the dissolving of a sub- 
stance in a solvent. When the solution is 
saturated, as many particles of the solute go 
into solution as come out of solution, and 
there is a balance. 


° 
' 
1 
U 
i 


° ° ° 


Number of particles 


(is great- reentering the liquid 


er than) 


12. They would be the same. (Note that in 
this case, whirling the thermometers makes 
no difference. The bulbs are continually in 
saturated air.) 
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FILMSTRIP KEY 


Weather ©... 
Forecasting Weather 


Watch 


EQUIPMENT LIST 
Per class 


2 weather instruments 


Excursion 4-1, 4-2, and 4-3 are keyed to this 
chapter. 


CHAPTER EMPHASIS 


Regular, systematic observations of 11 dif- 
ferent factors are begun for a 2-week period. 


Everyone is interested in the weather, and almost everyone 
tries to predict what it will be. Some people spend all their 
time studying weather patterns. These people are called 
meteorologists. They want to be able to explain weather 
changes, and they try to make accurate forecasts. 

As you continue your study of this module, you will do a 
bit of your own weather forecasting. What you have 
learned about air, temperature, pressure, and humidity will 
help. But you will also need to collect data on daily weather 
conditions. To do this, you need to establish a ‘‘weather 


watch.”’ 


“a 


You will need a record of the daily weather during a 
period of about two weeks. To get this information, you’ll 
need to keep a weather watch—repeated checks of weather 
‘instruments. During your weather watch, you will measure 
certain weather variables every day, including weekends. 





MAJOR POINTS 


1. An important procedure in making reli- 
able observations is to control variables, 
such as time of day. 

2. Each separate weather measurement is a 
variable that cannot be controlled. 

3. Temperature readings are made on the 
Celsium scale. 

4. Wind direction is recorded as the direc- 
tion from which the wind blows. 

5. Symbols can be used to designate some 
weather observations. 

6. In rough figures, 10 cm of snowfall equals 
1 cm of rainfall. 


If you solved the problem of students making 
their own weather observations, the entire 
module will mean more to them. Behavioral- 
ly, it will increase their awareness of weather 
conditions, and of the interrelationship of 
the weather variables. Moreover, it will give 
them a feeling for systematic scientific ob- 
servation and data recording over a long 
period of time. 
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Students will need some encouragement 
(and prodding in some cases) to be systema- 
tic and regular in weather observing. This 
will be especially true as they get into the 
latter part of the period. Depending on how 
you solved the weather observation problem, 
you may wantto have teams take daily ob- 
servations, with a different team doing it 
each day. The data then could be made av- 
ailable to the entire class for the individual 
charts. But it would be better if each student 
could make individual observations. 


“The Conversion Excursion,’ 4-3 is keyed in 
the note on page 63. It is usable at this point 
if you must convert °F to °C. 


Point 4 may require reinforcing. 


For wind speeds less than 6-10 km/h, the 
weather instrument likely will not respond 
for either direction or wind speed. Wind di- 
rection can be determined by the old trick of 
wetting the finger and holding it up. The side 
that cools most shows the direction the wind 
is coming from. Wind speed can be deter- 
mined with the Beaufort scale (see p. 66). 











Figure 4-1 


Indicates 
wind direction 
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As far as possible, measurements should be made at the 
same time each day. Most of the measurements will be 
made using an instrument like the one shown in Figure 4-1. 
Or, if your school has one, data can be collected from a 
weather station that has several different instruments. 

In your Record Book, you will find a weather-watch 
chart similar to the one shown in Table 4-1. Keep your 
two-week weather-watch data in this chart. 

Here are some suggestions on how to make and record 
your observations. 


1. 


3. 


Rain gauge 


Date: Record the date you take your reading. 

2. Time: Record the time you take your reading. 

Read the temperature in degrees celsius to the nearest 
degree on the weather-station thermometer. 

Wind direction: Use the wind direction on the weather 
station. Remember! Record the direction from which 


the wind blows. 


The weather watch will be greatly simplified 
if you convert the weather instrument to the 
metric sytem as illustrated, if it has not al- 
ready been done. 


Indicates total rainfall 


Total rainfall 


Wind speed 





indicates: 
wind speed 


1. Date 

2. Time of day 

3. Temperature (°C) 
. Wind direction 

. Wind speed (km/h) 
. Cloud type 


. Cloud cover 


COO | SION Ton is 


. Precipitation 
(cm) 


9. Barometric 
pressure (millibars) 


10. Relative humidity 


11. Dew-point temp. (°C) 


Table 4-1 


Weather-watch chart 














5. Wind speed: Use the wind speed indicator on the 
weather station. Record the high and low wind speeds 
observed over a one-minute period. For example: 
‘‘From 8 to 12 kilometres per hour.” 


Excursion 4-1, “‘Blowin’ in the Wind,’’ will help you use 
the wind speed and wind direction indicators correctly. It 
will also give you a method of getting wind direction and 
speed on the weekend without an instrument. 


6. Cloud type: The photographs in Figure 4-2 show the 
three major types of clouds (cirrus, stratus, cumulus). 


Excursion 4-2, ‘‘Billboards of the Sky,’ will help you 
identify additional cloud types. Use these various picures 
to identify clouds as you keep your weather watch. Write in 
Table 4-1 only the abbreviation for the name of the cloud. 
’ These abbreviations are given beside each picture in Fig- 
ures 4-2a-c on pages 62 and 63. 
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< EXCURSION] 


With the instructions to the students to make 


observations on the weekends, it will be 
helpful for them to do Excursion 4-1. The 
excursion contains the visual clues to the 
Beaufort scale of wind speeds. They should 
copy the table to take home with them for 
weekend use. 


< EXCURSION] 


Excursion 4-2 is an interesting pictorial ex- 
position of common cloud types, which 
should be helpful. 
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Figure 4-2a Cirrus clouds (Ci) 
@ high 
e Wispy 
e feathery 
e thin 
e white 


Figure 4-2b Cumulus clouds (Cu) 
e piled-up 
e flat-bottomed 
e fluffy 
e wool pack 
e bottoms 
sometimes dark 
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7. Cloud cover: Estimate how much of the sky is covered 
by clouds. Use the following symbols to record your 
data: O for clear sky; @ for 25% of the sky covered 
by clouds; ® for 50% of the sky covered by clouds; 

@ for 75% cloud cover; @ for complete overcast. 

8. Precipitation: The rain gauge on the weather station 
will keep track of rainfall for you. Rainfall for a given 
day is the amount of new water in the cup since the 
day before. Snow is also precipitation. Measure the 
depth of snow at some point where it has not drifted. 
To determine the rainfall equivalent of snow in cm, 
divide the number of centimetres of snowfall by 10. 


Note Jf you use a weather-station instrument that is cali- 
brated in the English system, you must make frequent con- 
versions (changes) to the metric system. Excursion 4-3, 
“The Conversion Excursion,’’ will help you with these 
changes. 


Remember your weather watch is to continue for two 
weeks, including weekends if possible. 


Before going on, do Self-Evaluation 4 in your Record Book. 


Figure 4-2c Stratus clouds (St) 
e layered 
e flat 
e foglike 


The rain gauge on the instrument can prove 
to be a problem. Not only must the instru- 
ment be in place all the time to catch the 
rain, but the gauge should be emptied each 
day at the same time. That means that stu- 
dents taking readings after that time will 
need to get the daily rainfall from those who 
emptied the glass. Each time the glass is 
emptied, the slider on the top can be moved 
the appropriate amount to record the total 
rainfall for a particular period. Note also that 
the 10-to-1 ratio for snow to rain is only a 
generality. Wet, heavy snow may have a ratio 
as low as 6-to-1, while in dry, fluffy, new- 
fallen snow the ratio may be as high as 30- 
to-1. 


< EXCURSION] 


Excursion 4-3, keyed here, will be useful if 
conversions are necessary. 


GET IT READY NOW FOR CHAPTER 5 


You might want to have one pressure 
chamber apparatus assembled as a guide. 
You will need matches, scissors or sharp 
knife, some black paper such as construc- 
tion paper, and the observation boxes used 
in Chapter 1. 
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Excursion 4-1 
Blowin’ in 
the Wind 


EQUIPMENT LIST 


1 weather instrument 
This is a general-interest excursion. 


PURPOSE: To provide further help in 
measuring wind direction and wind speed, 
including the use of visual, noninstrumental 
clues. : 


WIND FROM HERE 


Wind direction 
MAJOR POINTS ngigalol 
1. Measurement of wind direction is given as 
« the direction from which the wind is blowing. 
2. In reading wind direction, the vane gener- 
ally shifts back and forth, and an average 
reading is used. 
3. Wind direction can be determined without 
an instrument. 
4. Wind speeds can be judged visually by the 
effect the wind has on common objects. 





Instruments are useful tools in making scien- 
tific measurements, but we sometimes forget 
that many things can be ‘“‘measured” without 
them. For instance, wind direction and wind 
speed can be measured with the weather in- 
struments, but fairly reliable measurements 
can be made without them, as described on 
the next several pages. 
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WIND DIRECTION 


In mounting the weather instrument, the wind direction in- 
dicator should be positioned so the north (N) symbol points 
true south. Then any pointer reading against this indicator 
disk will give the direction from which the wind is blowing. 

Remember, wind direction is named according to the di- 
rection from which it blows. 


Figure 1 


Rain 


Temperature 
P Total rain 


indicator 






HPs 
Cc 


TO HERE 


Pointer 
(Wind is 
northwesterly.) 


Wind speed 
indicator 





It is possible to use up to 32 points of the compass to 
name the wind direction. But you will use only 8. You can 
read the wind direction directly from the position of the 
movable pointer against the scale. A sketch of the 8 direc- 
tions you may use appears in Figure 2. 

Usually, the pointer isn’t stationary. It moves as the wind 
shifts back and forth. But you can still get an average read- 
ing. For example, if the pointer moves about as shown in 
Figure 3, the general direction of the wind is estimated to be 
west. 


Figure 2 South Ordinary wind vanes do not indicate wind di- 
rection when the wind speed is less than 5 
km/h. 






Southeast Southwest 


Another method of measuring wind direction 
without instruments is to pick up some loose 
material, like dry grass or fine dust. Toss it in 
the air and ‘watch the direction from which it 


West is blown. 


Northwest 


Figure 3 





But what if you don’t have a weather instrument handy? 
How do you measure wind direction then? The following 
activity can show you how. 


ACTIVITY 1. Moisten your forefinger and hold it aloft. The 
side of the finger that feels coolest shows the direction the 
wind is coming from. 
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Table 1 contains the first seven of the read- 
ings from the’so-called Beaufort Scale of 
wind velocities. This scale was devised by 
Admiral Sir Francis Beaufort of the British 
Navy in 1805 as a method of estimating 
winds at sea for sailing captains. It was later 
ede ed for land use by adding objects that 
are commonly seen in everyday life. It is re- 
markably accurate for the ranges of wind 
speeds given, especially when used by an 
experienced observer. Note that the first two 
, up to 5 km/h, and even possibly the 
yw, 6-11 km/h, are not readable with 
instrument, so the Sai 

on added significanc 
d copy the table so that ed 
vC have it for weekend observations. You 
might want to duplicate it and give it to all 
students so that they are sure to have the 

y 


table handy. 
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Of course, you must know which direction you are facing 
to use this method. A good way to do this is to face north 
according to a road that you know runs in a certain direc- 
tion. Or you can use the direction a certain building faces. 
At night you can use the North Star. 


In keeping your weather watch, there may be times 
(especially on weekends) when the weather-station instru- 
ment is not available. If this is the case and you don’t have 
your own instrument, you can estimate wind speed fairly 
accurately. Table 1 will help you do this. The table lists 
common events with the approximate wind speed as- 
sociated with them. 


Table 1 


Wind 
speed 
Description of behavior 
(km/h) of common objects 
Less than Smoke rises vertically. 
2 
2to5 | Smoke drifts, but flags hang limp. Ordi- 
nary wind vanes useless. 
6 to 11 Wind felt on face. Leaves rustle. Ordi- 


nary wind vanes move. 


IZ tol9 Leaves and twigs in motion. Light flags 
are extended. 


20 to 29 Dust and loose paper raised. Small 
branches are moved. 


30 to 39 Small trees begin to sway. Whitecaps 
form on lakes. 


40 to 50 Large branches in motion. Wires whistle. 
Umbrellas hard to use. 





PURPOSE: To extend the students’ know- 
ledge of clouds. 


EQUIPMENT LIST 
None 


Since ancient times, people have watched the skies. They 
tried to predict the coming weather by what they observed. 
Clouds were described in terms of things that they resem- 
bled. Thus, statements like the following were commonly 
used: 


‘‘Mackerel scales and mare’s tails 
Make lofty ships carry low sails.” 


Some clouds would appear as neat rows of small patches 
resembling the scales of a fish (Figure 1). Or they might 
appear as wispy filaments, like the curling hair in a horse’s 
tail (Figure 2). Both kinds foretold a storm. Upon seeing 
these signs, sailors would be ready to lower their ship’s 
canvas. 


**Mackerel scales’’ 


Figure 1 


Excursion 4-2 


Billboards 
of the Sky 


This is a general-interest excursion. How- 
ever, there are important applications of it in 
the frontal study and weather predicting later 
on. 


MAJOR POINTS 


1. The appearance of clouds in the sky can 
be described in terms of common things they 
resemble. 

2. The scientific names for cloud types mean 
things like “curl of hair’ (cirrus), “spread 
out” (stratus), and “pile” (cumulus) and de- 
note families of clouds. 


Figure 2 ‘‘Mare’s tails’’ 





Clouds and the forms of moisture that come from them 
are the only elements of weather that are generally visible. 
You can describe and name clouds by their appearance. 
You don’t have to rely on an instrument for their descrip- 
tion. If you learn the vocabulary of the cloud types, you can 
read them like a billboard. And you will also have some 

idea of coming events in the weather. 


3. Families of clouds can be found together 
in different combinations. 

4. Cloud families are found at particular al- 
titudes in the sky. 

5. Sometimes one type of cloud can change 
to another type. 
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Students will later learn that cirroform types 
of clouds may precede a front by many miles 
and be a first indicator of approaching bad 
weather. 


The average rate of cooling with altitude ie 
0.6 °C per 100 m. 
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Much like people, clouds tend to be found in families. 
The three cloud names you have used in Chapter 4 (cirrus, 
stratus, and cumulus) are really family names. The names 
were given to them by a 19th-century chemist named Luke 
Howard. See how well you remember their appearance. 


L11. Write the name of the cloud that fits the description: 
a. Flat, layered 
b. Piled-up, fluffy 
c. Wispy, feathery 


If you’re not sure of your answers, look back to the de- 
scriptions by the pictures in Chapter 4. 


THE CLOUD FAMILIES 


Cirrus means ‘“‘curl of hair’’; stratus means, ‘‘spread 
out’’; and cumulus indicates a ‘‘pile.’’ Also like people, 
there is often a combination of families. This means that 
there can be cirrus and cumulus combined, or cumulus and 
stratus, or stratus and cirrus. Thus, the mackerel scales 
(Figure 1) mentioned in the weather adage are really cir- 
rocumulus, or ‘‘wispy piles.’’ If you add one other word, 
alto, meaning ‘‘high,’’ you have four families, as follows: 


1. Cirrus family, consisting of cirrus, cirrostratus, and 
cirrocumulus 


2. Altus family, consisting of altostratus and altocumulus 


3. Stratus family, consisting of stratus, stratocumulus, 
and nimbostratus 


4. Cumulus family, consisting of cumulus and 
cumulonimbus 


All cirrus-type clouds are found at high altitudes, from 
6000 metres on up. At these heights, the temperature is so 
cold that the clouds are composed entirely of ice crystals. 
These crystals are very fine and delicate. This accounts for 
the hazy, filmy, and wispy appearance of the clouds. A 
cirrostratus cloud is just a high sheet of ice crystals spread 
out at one level above the earth. These clouds give the sky a 
filmy appearance and cause a ring, or halo, around the 
moon or sun. 





Cirrus Cirrostratus 


Figure 3 The cirrus family 

Clouds of the altus family also are found at high altitudes, 
but not as high as the cirrus family. Altostratus (high layer) 
and altocumulus (high pile) clouds are found between 2000 
and 6000 metres (Figure 4). 


L] 2. Why, do you think, is there not a cloud designated as 
altocirrus? 


Figure 4 The altus family 


Altostratus Altocumulus 


Cirrocumulus 


2. Cirrus are high clouds and a/to means 
high, so it would be like saying a “high high 
cloud.” 


These two types, cirrocumulus and al- 
tocumulus, are probably confused more than 
any others. 








Stratus 


Stratocumulus 
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The Latin word nimbus, meaning “‘rain cloud,”’ is often 
used to indicate a cloud from which precipitation is falling. 
Thus, heavy stratus clouds from which rain or snow 1s fall- 
ing are called nimbostratus (Figure Sc). Stratus, 
stratocumulus, and nimbostratus are found below 2500 
metres (Figure 5). 


Figure 5 The stratus family 





Nimbostratus 





Cumulus and cumulonimbus (thunderhead) clouds are 
found at all altitudes, from 2000 to 18 000 metres. The 
cumulus is the typical cloud of fair weather, resembling a 
fluffy white pile. A continuous growth of the cumulus cloud 
produces the fierce cumulonimbus of the thunderstorm 
(Figure 6b). This cloud is the one associated with our most 
vicious weather, including tornadoes and hailstorms. 





Cumulus Cumulonimbus 


Figure 6 The cumulus family 


Have you got the clouds straight in your mind? Try a 
little test to see. Don’t look back to the.descriptions unless 
you have to. 


L]3. Identify the following ten cloud types, pictured on 
pages 72 and 73, and described below, A through J. 


A. Low clouds (below 2500 metres) that look like a layer 
of piles or twists 

B. The type of cloud that gives a ring around the moon 

C. A high sheet (2000-6000 metres) that makes the sun 
appear as if you were seeing it through tissue paper 

D. A towering, heavy cloud from which lightning and 
thunder come 


E. What cloud type is called fog when it is right down on 
the ground? 
F. Feathery sky 
G. A low rain cloud that gives an all-day drizzle 
H. Fluffy wool packs of fair weather 
I. Clouds that look like fish scales, sometimes called 
curdled sky very high 
‘J. These are sometimes called sheep clouds. They are 


wooly packs found between 2000 and 6000 metres. 


EXCURSION 4-2 
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Check your answers with the names below of the ten 
cloud types. 


A. Stratocumulus (4) F. Cirrus (6) 

B. Cirrostratus (8) G. Nimbostratus (10) 
C. Altostratus (1) H. Cumulus (3) 

D. Cumulonimbus Q) ' 1. Cirrocumulus (9) 
E. Stratus (7) aa J Altocumulus (5) 


403 you missed any, take another look at the pictures and 
descriptions in the first part of the excursion. *EXCURSION 4-2 
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Excursion 4-3 


The Conversion 
Excursion 


PURPOSE: To assist students in converting 
from the English to the metric system for 
temperature, speed, pressure, cloud height, 
and precipitation. 


MAJOR POINTS - 


1. Temperatures on weather reports and 
from some weather instruments are given in 
Fahrenheit degrees and need to be con- 
verted to Celsius degrees. 

2. Wind speed can be converted from the 
English system in miles per hour to the met- 
ric system in kilometres per hour. 

3. Pressure can be converted from pounds 
per square inch or inches of mercury to mil- 
libars. 


4. Cloud height can be converted from feet 
to metres. 

5. Precipitation in inches can be converted 
to centimetres. 


Table1 © 


EQUIPMENT LIST 
None 

So far in this module you have made your measurements in 
the metric system. Temperature has been measured in de- 
grees Celsius, wind speed in kilometres per hour, and pres- 
sure in millibars. Cloud height has been measured in 
metres, and precipitation in centimetres. That’s the way it 
should be to ‘‘think metric.’’ But the newspaper, radio, and 
TV weather reports may still give these measurements in 
other units. This excursion can help you change those read- 


ings to the metric system. 

No attempt is made to use the mathematical 
formulas for conversion of temperatures. 
The table does the job. But for your informa- 
tion °C = CE = 32°) x 3°Fe="C' x2 32 


' This excursion is both remedial and general 
interest. 


TEMPERATURE 


The air temperature and the dew-point temperature may be 
given in Fahrenheit degrees on the weather report. How are 
the Fahrenheit and Celsium temperature scales related? If 
you don’t know, take a look at Resource 10, ““Changing 
Temperature Scales.’ It will help you make a comparison. 
Table 1 can be used to convert from one scale to another. 
Use Table 1 (page 74) to answer the questions below. 





L) 1. What is 29 °C in Fahrenheit? 
L] 2. What is 70 °F in Celsius? 
L] 3. Which is the higher temperature, 27 °C or 27 °F? 


L] 4. Which is the bigger temperature change, 10 degrees 
on the Celsius scale or 10 degrees on the Fahrenheit 
scale? 


WIND SPEED 


The wind speed may be given in miles per hour on the 
weather report. When near the seacoast, wind speed may 
be given in knots. Here’s a table to convert from miles per 
hour or knots to kilometres per hour. 
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km/h 


56.3 
57.9 


59.5. 


62.8 
64.4 
66.0 
67.6 
69.2 


70.8 
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Table 2 
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Table 3 


Inches of 
mercury 


28.0 
593.9 
28.4 
28.6 
28.8 
29.0 
29.2 
29.4 
29.6 
29.8 


14.7 pounds per 


EXCURSION 4-3 





If you multiply miles per hour by 1.6, the answer will be 
in kilometres per hour. So you can find any speed even if it 
isn’t in the table. 


(15. What is the wind speed in km/h if it is blowing at a rate 
of 10 mph? 20 mph? 25 mph? 


L16. Wind is considered to be of hurricane force if it’s 
speed is 75 mph or above. How fast in km/h would this be? 


L]7. A wind of 64 km/h has what speed in mph? 


Atmospheric pressure may be given in pounds per square 
inch or in inches of mercury. These can be changed to 
millibars by using Table 3. 


Pounds per Inches of Pounds per 
square inch Millibars mercury square inch Millibars 
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L] 8. What is the pressure in millibars when the weather 
report gives it at 30.4 inches of mercury? 


L) 9. Standard sea-level pressure is 1013.2 millibars. About 
how many inches of mercury is this? About how many 
pounds per square inch? 


CLOUD HEIGHT 


You can convert height of clouds in feet to height in metres 
by multiplying by 0.305. For instance, if the height is given 
as 3000 feet, then in metres it would be 3000 ft x 0.305 = 915 
metres. 


1110. The weather bureau reports the height of the cloud ee 
base as 5000 ft. What is the height in metres? 


PRECIPITATION 


The weather report on TV usually gives the amount of pre- 
cipitation in inches. In fact, you may be using a weather 
instrument that has a rain gauge calibrated in inches. It’s an 
easy task to convert inches to centimetres. 

There are 2.54 centimetres in an inch. Therefore, if the 
number of inches in multiplied by 2.54, the answer will be in 
centimetres. For instance, suppose the weather forecaster 
reports 1.5 inches of rain in a heavy thunderstorm. In cen- 
timetres, this would be 1.5 inches x 2.54 = 3.8 cm. 


(J) 11. Suppose the rain gauge shows that 2.5 inches of rain 
fell last night. How many centimetres of rain fell? 
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More Reasons 
for Clouds 


AS warm air rises Over a warm area, it gradually cools. If 
this cooling effect continues, the temperature of the air will 
reach the dew point. Water vapor can then condense to 
form clouds if enough solid particles are present. Tempera- 
ture decrease with increasing altitude is characteristic of air 
as it rises. 


L] 5-1. What change occurs in air pressure as air rises? 


What effect, if any, does the pressure have on cloud for- 
mation? To find out, you will need to construct your own 
pressure chamber. You and a partner will need the follow- 
ing: 


1 250-ml Erlenmeyer flask containing 20 ml of water 
1 1-hole #6 rubber stopper 
1 short piece of rigid plastic tube (5-6 cm) 
- | short piece of rubber tubing (3-4 cm) 
1 35-ml piston 








Matches 
Plastic 
tube 
Rubber 
tubing 


ACTIVITY 5-1. Prepare the rubber stopper and piston as 
shown. 


EQUIPMENT LIST 
Per student-team 


250-mi Erlenmeyer flask 

1-hole #6 rubber-stopper 

piece (5-6 cm) rigid plastic tube 
piece (3-4 cm) rubber tubing 
large piston 


are ae a eS 


Matches 

Black paper 

Observation box 

1 short candle 

Heavy string, 12-cm length 
1 plastic straw 

Sharp knife or scissors 


CHAPTER EMPHASIS 


The effect of a decrease in air pressure on 
condensation is added to the effect of de- 
crease in temperature with altitude in form- 
ing clouds. Also, the upward motion of air is 
a cause of horizontal motion, or wind. 


MAJOR POINTS 


1. Adecrease in pressure in a closed system 
can cause condensation. 

2. The matter model can be used to explain 
why warm air rises, why pressure decreases 
with altitude, and therefore why clouds form 
over particular areas. 

3. The upward motion of air causes other air 
to move horizontally. 

4. Differential heating of the earth’s surface 
can cause patterns of air movement at the 
surface. 
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Use extra tape 
to insure snug fit. 





ais ee, ea she 2 ACTIVITY 5-2. Complete the assembly as shown. The plastic 
er i : é é 

ae “pressure chambers” as a pattern and tube must fit snugly into the rubber tubing. If necessary, add 
in order to determine what minor adjust- a few wraps of tape to increase the diameter of the plastic 
ments need be made for proper functioning. fib 

Incidentally, you may find that a little. pe- ube. 


troleum jelly or silicone spray lubricant will 
make the pistons work better, easier, and for 
a longer time. 


L] 5-2. What is today’s relative humidity? 


If the plastic tubing has the right inside L] 5-3. Does the air in the flask contain water vapor? 
diameter, the rubber tubing is unnecessary. 

Think of your flask of air as the rising cube discussed in 
Chapter 2. As it ascends, the pressure on the air decreases. 
To see what effect this has, you can use the piston and 
stopper. 









ACTIVITY 5-3. Push the plunger of the piston all the way in. 
Then insert the stopper tightly into the flask. Support the 
flask so that it doesn’t tip over. The flask should contain the 
20 ml of water. 


To reduce the pressure within the flask, you need only to 
remove some of the air. You can do this by pulling out the 
CHAPTER 5 piston plunger. 


ACTIVITY 5-4. Place the flask on a dark background, such as 
a sheet of black construction paper. While your partner holds 
the flask securely on the table, quickly lift the plunger to 
reduce the pressure. Try not to pull it all the way out of the 
cylinder. Observe the flask carefully as you decrease the 
pressure. 


L] 5-4. Describe any changes you observed within the flask 
as the pressure was reduced. 


You should repeat Activity 5-4 a few times to check your 
observations. 


ACTIVITY 5-5. Light a match and blow it out. Add a very 
small amount of smoke to the air in the flask. You can do this 
by just blowing some of the smoke into the flask. The smoke 
should not be visible in the flask. Repeat Activity 5-4, using 
the contaminated air. 









Note that the plunger is pushed all the way in 
before the stopper is inserted in the flask. 


L] 5-5. Describe any changes within the flask as the pres- 
sure is reduced. 


ACTIVITY 5-6. Push the plunger back into the piston. 


LJ] 5-6. What happens when you increase the pressure again 
by pushing the plunger back in? 


015-7. What effect would decreasing air pressure be likely 
to have on cloud formation above the earth’s surface? CHAPTER5 81 


Figure 5-1 


Note that teacher approval is called for in the 
Problem Break. Students may need to be 
reminded that they are working with three 
variables: temperature, pressure, and con- 
densation nuclei (smoke particles). They may 
consider the activities that they performed 
previously (effect of lowering the tempera- 
ture, effect of decreasing the pressure, effect 
of adding smoke particles) as part of the ex- 
periment, and go on from there. 
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The clouds you observed in the baby-food jars and in the 
flask probably were very faint. They may have looked only 
like a mist or fog. But then that is exactly what a cloud is. If 
you ve ever been in one, you know it to be a misty experi- 
ence. 


PROBLEM BREAK 5-1 


You’ve seen faint mists form both when temperature is 
changed and when pressure is changed. How would cloud 
formation be affected if both these factors were changed 
together? Would the cloud mist be thicker? Join forces with 
another team and design a plan to answer these questions. 
Then get your teacher’s approval. There is a space for your 
work in your Record Book. 


Let’s pause for a moment and review what you have been 
doing in this module up to this point. You have been putting 
together many observations of how air behaves. So far 
you ve learned these things: 


1. The atmosphere is heated differently depending on the 
nature of the surface of the earth. Generally, dry land 
masses produce more heating of the air than do sur- 
face waters during the day (Figure 5-2). 


Figure 5-2 Gun) 


Warmer air 


Cooler air 





2. Warm air rises, or to say it another way, cold air set- 
tles toward the earth’s surface. 

3. As air rises from the earth’s surface, the air’s tempera- 
ture decreases and so does the pressure on it. 


Figure 5-3 






As explained in the teacher notes in Chapter 
3, decrease in pressure has an effect on 
temperature because work is done in ex- 
panding the air against the decreasing pres- 
sure. However, from the student's viewpoint 
in considering the. system, the factors of 
temperature and pressure can be considered 
separately. 


As airrises... 


temperature decreases pressure decreases 





4. Decreasing either pressure or temperature, or both, 
causes invisible water vapor to condense into liquid 
droplets. These droplets condense around tiny solid 
particles of dust, smoke, and salt. The water droplets 


accumulate and become visible as mists and clouds. _ termining cumuloform cloud heights, using 
temperature and dew point. 


Excursion 5-1 is a practical exercise in de- 


How high in the atmosphere does all this happen? If you 


are interested in finding out, see Excursion 5-1, ‘‘How High ¢ EXCURSION] 
Are the Clouds?”’ 
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The entire module is aimed at developing a 
model for weather. The work to this point has 
shown one reason for air rising, and the 
things that happen to it when it does rise. 
From this point, the model will be expanded 
to show other things that happen when air 
rises, and other factors that make it rise. 


Figure 5-4 


LAI 


As you know, scientists aren’t satisfied with observations 
alone. They want to explain their observations and how 
they relate to one another. Thus, they invent ideas to ac- 
count for what they see. These invented ideas are called 
mental models. 

If you’re not sure what a model is, do Resource 12, 
‘“Model Building,’’ now. 


One model that you may have used in your work is the 
matter model. If you are not familiar with this model, take a 
look at Resource 14, ‘‘The Matter Model.’’ This model can 
be used to explain why warm air rises. And it can explain 
why air pressure decreases with increasing altitude. But 
can you use what you know to explain one day’s weather in 
Florida? See if you can. 

Examine carefully the cloud patterns in the satellite 
photograph of the state of Florida (Figure 5-4). Compare 
the cloud patterns you see with the map of Florida that is 
provided with the figure (Figure 5-5). 
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GULF OF MEXICO 


L] 5-8. Would you have predicted that most of the clouds in 
Figure 5-4 formed over land instead of water? Why? 


Question 5-8 isn’t easy. But perhaps you are closer to a 
reasonable answer than you think. Try the next two ques- 
tions. 


L] 5-9. Where would you expect air to be warmer in the 
daytime, over land or over water? (Hint: Recall your inves- 
tigation in Chapter 1, beginning with Activity 1-9.) 


L] 5-10. Where would you expect the greater uplift of air to 
occur in the daytime? Would it be over land, or over water? 


_ For clouds to form, air containing water vapor must be 
uplifted. Air over water should contain more water vapor 
than air over dry land (Figure 5-6 on page 86). 








CHAPTER 5 


FLORIDA 


Miami ? 
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Figure 5-6 Gi) 






Evaporation 


But the air over dry land is being warmed faster and 
therefore rises. Clouds should form over land if the land air 
contains enough water vapor. And according to Figure 5-4, 
it does contain enough water vapor. Almost all the clouds in 
these pictures are over land. Another investigation may 
help you explain how the land air gets some of its moisture. 
You will need the following. 


1 observation box (from Chapter 1) 
1 short candle, 4-5 cm 

Heavy cotton string, 12-cm length 
1 plastic straw 


Sharp knife or scissors 
Cut out 





ACTIVITY 5-6. Cut a small hole (about 4 cm in diameter) in the 
86 CHAPTER 5 top of the observation box as shown. 


on 


ACTIVITY 5-7. Light the candle and place it directly under the 
hole in the box. The tip of the flame should be at least 10 cm 
below the hole. 


The candles furnished in the kit may have to 
be cut off in order to be short enough. 


ACTIVITY 5-8. Double the string and insert it in the plastic 
straw as shown. Light the string. It should glow but not be 
flaming. Insert the straw into the box. Observe the behavior 
of the smoke in the box. 





[1 5-11. In your Record Book (Figure 5-7), sketch the 
movement of the smoke from where it leaves the string. 


Think of the candle as representing the hot land in the 
daytime. The land (candle) is heating the air above it. Let 
the smoke from the string represent the invisible moist air 
over a cooler area nearby. (This might be a body of water, 
such as a large lake or an ocean.) 


L] 5-12. Describe how you think cool moist air will behave 
as it comes in contact with an area where warm alr Is rising. 


Up until this last activity, you have concentrated only on 
air moving up and down. In this activity, you saw that 
horizontal (sideways) movement also occurs. This horizon- 


‘tal movement is called wind. It is a very important feature 


in all weather. 





5-11. Students should observe the horizontal 
motion of the smoke before it ascends verti- 
cally through the hole. 


The horizontal motion of air as wind should 
not be new to the students. They have been 
measuring wind direction and wind speed in 
their weather watch. They should even be 
able to operationally define wind as the 
movement of air that causes the weather in- 
strument to indicate which way the wind is 
coming from and how fast it is traveling. The 
concept that is new is what causes air to 
move as wind. 
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Figure 5-8 






The matter model can be used to explain the sideways 
movement of air that you observed. Recall what this model 
says in Resource 14: 


When air is heated, its particles spread out. 


This idea that air particles spread apart when air is heated 
can explain why the air moved as it did in the box. If the 
particles of air above the candle spread out, there are fewer 
of them in a given volume of air. Thus the warm air be- 
comes lighter, so to speak, than the cool air in the box. The 
cool, heavier air pushes the warm, lighter air up, and takes 
its place. 


L] 5-13. What would happen to the cool air after it replaced 
the warm air? 


Figure 5-8 illustrates the air-flow patterns you should ex- 
pect when warm and cool areas are side by side. Compare it 
with the diagram you drew for question 5-11. 

Suppose the cool area is adding moisture to the air, as in 
Figure 5-8. If so, the moisture will be lifted as the air moves 
over the land. 


L] 5-14. Will the increased moisture content improve 
chances for cloud formation? 


Z Air flow 





PROBLEM BREAK 5-2 


If you live near the ocean or a very large lake, you may 
have noticed some peculiar things about wind. Wind direc- 
tion often seems to be related to the time of day. During 
warm, daylight hours, the wind blows from one direction. 
Then, during cool, night hours, it blows from the opposite 
direction. 

In Figure 5-9 of your Record Book, indicate the wind 
direction you predict for the two times of day shown. Show 
both the horizontal and the upward flow. 


CL] 5-15. Use what you know about air to explain your deci- 
sion about wind direction. 


Figure 5-9 @ 





The fact that air moves horizontally is no surprise to you. 
You feel that motion frequently. You also see it in the mo- 
tion of other objects. Even those things you’ve been trying 
to account for—the clouds—are affected by wind. Moving 
air carries them across the sky. 

If you are interested in how fast clouds move, see Excur- 
sion 5-2, “‘Building a Nephoscope.”’ 

Light and heat are the energy sources for all weather on 
the earth. You’ve seen how they drive air up, down, and 
sideways. You know that without heat little water vapor 
could be added to air. Without moisture, there would be no 
clouds. 

In the next chapters you will investigate other effects of 
air movement. And, as a result, you'll learn more about 
predicting and explaining weather changes. You may even 


find an explanation for rain. 


Before going on, do Self-Evaluation 5 in your Record Book. 


Problem Break 5-2 focuses on land-sea 
breezes. Assuming that the ground is not co- 
vered by snow or ice, wind should be incom- 
ing, toward land, during the day and outgo- 
ing, toward water, at night. This behavior has 
been utilized by sailing fleets, which left the 
coast for the fishing grounds in the evening 
and returned to land the next morning. 





Excursion 5-2 is an extension excursion for 
better students. It requires some equipment 
that is not furnished, some careful construc- 
tion, rather difficult measurements, and a lit- 
tle math. 


No equipment need be prepared for Chapter 
6. The only article needed is a straightedge, 
which could be a ruler, a metrestick, or even 
the edge of a tablet or book. 
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Excursion 5-1 


How High Are 
the Clouds? 


EQUIPMENT LIST 


None 


This is an advanced general-interest excur- 
sion. 


PURPOSE: To use air temperature and 
dew-point temperature at ground level to de- 
termine the height of clouds. 


MAJOR POINTS 


1. As air rises, (a) it cools at a rate of 1 °C per 
100 m, and (b) its dew-point temperature de- 
creases at a rate of 1 °C per 550 m. 

2. At the altitude that the air temperature 
equals the dew-point temperature, clouds 
form. (This accounts for the flat bottom of 
many clouds.) 

3. The height of a cloud bottom can be esti- 
mated if you know the dew-point tempera- 
ture and air temperature at the earth’s sur- 
face. 
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Many warm summer days begin with a cloudless sky. By 
noon, however, puffballs of cumulus clouds may have ap- 
peared. Heat from the earth’s surface has lifted moist air 
up, forming clouds. Usually these clouds have flat bottoms. 


111. How do you account for the flat bottoms when the 
cloud tops aren’t flat at all? 


That isn’t an easy question, but you may be closer to the 
answer than you think. As moist, warm air rises, it gradu- 
ally cools. Eventually it gets high enough and cool enough 
so that the water vapor condenses. This condensing (cloud 
formation) happens just when the temperature of the air is 
the same as the dew-point temperature. This occurs at a 
specific height above the earth. (Of course, this height var- 
ies from day to day.) 


Figure 1 


Moist 
warm air 


O12. What part of the cloud is the first to form, the top or 
the bottom? 


13. Can you now explain the flat-bottomed clouds? 


As air rises, it cools at an average rate of about 1 °C per 
100 m. 


‘ 


C14. How much cooler would the air be at 400 m than at 
ground level (Figure 2)? 


Figure 2 


? cooler 









3° cooler 


2° cooler 


1° cooler 


Earth 


The dew-point temperatures of air decreases at an aver- 
Ave TaterOl bie Ce DeresOUIn, 


L]5. How much less would the dew-point temperature be 
at 2200 m than at ground level? 


Figure 3 


Dew point 
2° less 









Dew point 
3° less 


Dew point 
2° less 


Dew point 
1° less 





Earth 


(1 6. Which decreases faster with altitude, the air tempera- 
ture or the dew-point temperature? 


Figure 4 on page 92 may help you with your answer to 
question 6. 


This rate of cooling of air as it rises is called 
the adiabatic rate, as discussed in the 
teacher notes in Chapter 2. This rate remains 
constant at 1 °C per 100 m as long as the air 
is unsaturated (as long as the temperature is 
less than the dew point), and it is therefore 
called the dry adiabatic rate. Once the sat- 
uration point is reached, the air no longer 
cools at that rate, because the heat of con- 
densation is being passed back to it. It might 
be interesting to note that if the air descends 
for any reason (such as flowing down the 
other side of a mountain), it warms at this 
same rate of 1 °C per 100 m. 
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The rate of decrease of air temperature is 1 
°C per 100 m; the rate of decrease of dew- 
point temperature is 1 °C per 550 m. To get 
both rates in common terms of decrease per 
m, divide the 1 °C by 100 and by 550 respec- 
tively. This gives rates of decrease of 0.01 °C 
per m for air, and 0.0018 °C per m for dew 
point. On the next page, students are chal- 
lenged with an optional activity (question 9) 
of deriving the formula given. From the start 
above, this is relatively simple. Accepting the 
fact that clouds form at an altitude (h) where 
air temperature and dew-point temperature 
are equal, then the air temperature at that 
point will be the air temperature on the 
ground minus the decrease due to height, or 
Tar — 0.01 h. Likewise, the dew-point tem- 
perature at that height will be the dew-point 
temperature on.the ground minus the de- 
crease due to height, or Ta... — 0.0018h. But 
at that height these two terms are equal, so 
Tair — 0.01 h = Tg». — 0.0018 h. 


Collecting the h term on one side: 


CO — 00018 ht = ta. — Tan Or 
0.0082 4 = Tair — Tay. OF 
0.0082 

= 122(T air a" lisse) 
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°C of dew-point temperature decrease =====EE=eeas 


Figure 4 


*C of air-temperature decrease! Se u= =" aie 


Altitude (metres) 


As altitude increases, the air temperature falls faster than 
the dew-point temperature. Therefore, at some spe- 
cific altitude, the air temperature will be equal to the dew- 
point temperature. At that altitude, clouds will begin to 
form. Since cloud bottoms form first, all of them will be flat 
at that height. (The rest of the cloud forms as the warm air 
continues upward. What do you think causes some clouds 
to stop getting larger?) 

Your problem is to find the height of the base of clouds. 
Assume that the temperature at the base of the cloud is at 
the dew-point. Calculating the height of the cloud base in- 
volves two steps. 


1. Find the air temperature and dew-point temperature at 
ground level. 
2. Find the height at which the air temperature (getting 
lower by 1 °C each 100 m) and the dew-point tempera- 
ture (getting lower by 1 °C each 550 m) are equal. 


Figure 5 shows a sample problem on a day when the 
temperature at ground level is 26 oe and the dew-pomt 
temperature is 8 °C. 





Figure 5 
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An easier solution than the one shown in Figure 5 in- 
volves using a simple formula. Here it is: 


Height of cloud bottom in metres = 122(Tair — Tap.) 


T.. = Ground-level temperature of air 


T,,, = Ground-level dew-point temperature 


L] 7. Using the formula, check the sample problem of Fig- 
Ler. 


L] 8. Calculate the height at which clouds could form to- 
day. (Record your method, data, and conclusions in your 
Record Book.) 


(19. (Optional) Can you derive the formula given for this 
type of problem? 
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Excursion 5-2 
Building a 
Nephoscope 


This is an advanced excursion. 


EQUIPMENT LIST 


1 21-cm x 21-cm piece of glass 
1 sheet of black paper 

1 ruler or metrestick 

1 timer with second hand 
Masking tape 

Marking pen, with fine point 

1 drawing compass 


PURPOSE: To build an instrument and use it 
for measuring cloud speed. 


MAJOR POINT 


An instrument can be constructed to obtain 
data that will enable cloud speed to be mea- 
sured. 


A nephoscope is a device you can build and use to measure 
the forward motion of a cloud. You will need the following 
materials: 


1 watch, with sweep- 
second hand 

1 strip of masking 
tape (about 20 cm) 

1 marking pen (fine 
loint) 

1 drawing compass 


1 pane of window glass, 
approximately 21 cm 
x 21cm 

1 sheet of black paper, cut 
to the same size as the 
glass pane 

1 metric ruler (or metrestick) 


Caution Put a double layer of masking tape on the edges of 
the glass before you begin. 


ACTIVITY 1. Clearly mark a point near the center of the black 
paper. With this point as center, use a compass to draw a 
circle of 5-cm radius. 


Another way to 
draw a circle 





Note: This excursion requires careful con- 
struction, somewhat difficult measuremenis, 
well-delineated clouds in the sky, and some 
mathematical skills. It should probably be at- 
tempted only by more capable students. 
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Note that two pencils and a piece of string 
could be used to draw the circle if no-draw- 
ing compass is available. 


ACTIVITY 2. Tape the black paper with the pencil markings 
next to the glass. They should be visible through the glass. 





— 








ACTIVITY 3. With the marking pen, trace over the pencil mark- 
ings so that the glass sheet is marked like the black paper. 


Position 1 Position 2 


















ACTIVITY 4. Place the nephoscope as near a window as pos- 
sible, or in the open where you have a clear view of the sky. 


Choose some clouds as nearly overhead as possible. 
Stand beside the nephoscope in a position from which you 
can see the reflection of the clouds. You may need to prop 
one edge of the nephoscope on a book. Once you have this 
set up, you.are ready to make measurements. You will need 
the help of a partner. 


The instrument must sit on something solid 
and immovable. The observer must also be 
able to hold a fairly fixed position long 
enough to make the complete measure- 
ments. 


If students have had the necessary geometry, 
they can visualize the similar triangles. 
Otherwise, they have to accept the 
mathematical relationship on faith. 














Position 1 


ACTIVITY 5. First, select a clearly identifiable point on the 
edge of a cloud. Position yourself so that the reflection of this 
point is at the center of the nephoscope. 


You can see that this will not work onan 
overcast day without clouds that have well- 
defined edges. Also, it should be done ona 
day that the cloud height can be estimated 
by using Excursion 5-1. This means that the 
clouds should be of the cumulus type. Even 
then it will mean that the observer may have 
to remain motionless for 1 minute or more. 


ACTIVITY 6. Then, without changing your position, have your 
partner time the movement of the reflection. Record how 
many seconds it takes your chosen point to move from the 
center to the rim of the circle. Don’t change the position of 
your body until your partner measures the height of your eye 
above the nephoscope. (See Activity 4.) Record your data in 
Table 1. 





Position 2 


Note the need for cloud height. 
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EXCURSION 5-2 


Table 1 





Do not forget to change your measurements of h and d 

from centimetres to metres. Goes es, 
With a formula from geometry, you can use the mea- 

surements you have just made to calculate the distance baseap 


traveled by the clouds. 





Hex d 
= ae HF 
D = Actual distance traveled by cloud 
H = Estimated height of cloud 
d = Radius of nephoscope circle 
h = Height of eye above nephoscope ahs 
. : Just to have some ‘‘ballpark”’ figures, with a 
L] 1. What is the distance moved by the cloud? cipuchal AGO Wied radideinbthe ciccio ut 6.06 
; x F m, and the height of the eye 25 cm (0.25 m) 
L] 2. Suppose the estimated height (H) is 2000 metres. above the glass, the distance traveled by the 
What distance would the cloud have moved if all your other cloud will be about 400 m. 
measurements were the same as before? 
113. How fast did the cloud move in metres/sec? 
D If the cloud moved an actual distance of 400 
Specdi= — m, and a reasonable wind speed at that al- 
titude is 48 km/h (13 m/sec.), then the time 
would be about 30 seconds. 
L] 4. Suppose you wanted to use this method to measure 4. The height of the aircraft and the time it 
the speed of a jet aircraft. What would you need to know? look ter the rotlsevien te cover the Fas Gs 


the circle. (With this instrument it would be 


: : ae ll-nigh impossible. With the aircraft low 
O15. How could you improve this method of determining TRO Pat tse cach reamal gc iid 4? See 


cloud speed? image would move very rapidly across the 
circle.) 


5. Student answers may prove interesting. 
Probably a radarscope would do a better job. 
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Formers 


An unmanned weather satellite orbiting far above the earth 
took the photograph shown in Figure 6-1. The picture 
shows the pattern of clouds over about half the earth’s 
surface. It was taken on May 8, 1967. 


Figure 6-1 





Students are being called upon to expand 
their model of cloud formation. Some may 
need reassurance that this is a common and 
accepted practice with scientific models. It is 
interesting to note that the heated-air model 
took 5 chapters to develop; now, it is being 
expanded fourfold in this one chapter. Of 
course, al! the material in the 5 chapters was 
not aimed just at developing the one point of 
the model. The concepts of humidity, pres- 
sure, wind, and all the other factors of 
weather still have a direct application to the 
new parts of the model. For instance, in 
order for clouds to form for any reason, there 
must be moisture in the air. 


Figure 6-2 





Figure 6-2 will help you identify where the clouds in 
Figure 6-1 are located. 

You may realize that explaining such a widespread cloud 
cover is very complicated. Several features (like the cloud 
spiral over the northern Pacific Ocean) can’t be explained 
with the simple heated-air model you’ve been thinking a- 
bout. Obviously, clouds don’t form just over land areas 
either. You can see that much of the Pacific Ocean is shown 
covered by clouds. 


sil al 
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Factors other than air-temperature differences above dif- 
ferent earth surfaces must be involved in forming clouds. 
Something else must be pushing the air upward at those 
places where heavy clouds are forming over water. What is 
this force? 

Take a closer look at the spiral area of cloud formation in 
the upper left-hand part of Figure 6-1. Figure 6-3 shows an 
enlarged photograph of this feature. Examine the general 
shape of the cloud pattern. Notice particularly the two 
“‘legs’’ that project from the central core of the pattern. 


In Figure 6-4, symbols and numbers have been added to 
the diagram of the cloud spiral. Each symbol cluster con- 
tains values for temperature, barometric pressure, wind 
speed, and wind direction. Each cluster of numbers and 
symbols is called a station model. 
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An official U.S. Weather Bureau map has 
many other numbers and symbols squeezed 
onto it besides the readings of pressure, 
wind direction and velocity, and temperature 
shown here. 
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Figure 6-4 


The code symbols in Figure 6-4 are used to squeeze a lot 
of information into a small space. Figure 6-5 shows the 
meaning of these symbols. 

Notice that the border of Figure 6-4 is labeled like the 
border of a map. This makes it possible to locate areas on 
the drawing easily. For example, the location of the symbol 
at the very top of the figure might be described as M7. 


(1 6-1. At M7, what is the (a) wind direction? (b) wind 
speed? (c) temperature? (d) pressure? 








Wind speed 


Less than Ae 
2 







Wind speed 12-19 km/h 


Wind direction (is down the 
stem toward the circle.) 





29 1002 
12 to 19 
Temperature (°C) Barometric pressure 
(millibars) 
20 to 29 
30 to 39 
40 to 50 
Figure 6-5 


You should have answered (a) east (b) 6-11 km/h (c) 9 °C 
ae It should be reasonable to expect students to 
(d) 1005 millibars. be able to identify and read these four fac- 
tors of weather from a map at this point. 


L] 6-2. Using the border symbols and a straightedge, de- 6-2. Highest pressure—A12, A14 (1020 mb) 


scribe the following locations by letter and number, and Highest wind—F5, 13, J5 (20-29 km/h) 
give the reading. Lowest pressure—H5, H6, J5 (996 mb) 
Highest temperature—A7 (26 C) 
Highest barometric pressure Lowest temperature—H1 (3 °C) 


Highest wind velocity 
Lowest barometric pressure 
Highest temperature 
Lowest temperature 


Examine the clusters of measurements in Figure 6-4 care- 
fully. Try to find a relationship between the numbers in 
these and the pattern of cloud formation. Look particularly 
for large differences in temperature and pressure within a 
small area and the effect of these differences in terms of 
cloud formation. CHAPTER 6 103 
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al ne patna a Bsppch aoa otek (16-3. Describe any relationships between the pattern of 
mare aiscorniia Ae Bere the pattern cloud formation (Figure 6-4) and the measurements of 
formed by the staffs (wind-direction arrows) temperature, pressure, wind speed, and wind direction. 


as they shift from generally northerly on the 
left side of the map to generally southerly on ‘ 
the right side. Temperature and pressure dif- ACTIVITY 6-1 A. Look first at the “leg” that runs north and | 


south (downward). Choose any four stations well to the left of 
the leg. List their locations in the top half of Table 6-1. Then 
list the temperatures at these stations. 


ferences are harder to see. 





ACTIVITY 6-1 B. Choose any four stations well to the right of 
the north-south “leg.” List their locations and temperatures 
in Table 6-1. 


ACTIVITY 6-2. Repeat Activities 6-1A and 6-1B for the 
east-west “leg.’’ Choose any four stations well to the north of — 
the leg, and any four stations well to the south. List their 
locations and temperatures in the bottom half of Table 6-1. 
Examine the temperature figures for the left and right side of 
the north-south “leg.” 


L] 6-4. On which side of the leg (left or right) are the tem- 
peratures lower? 


Examine the temperature differences on the two sides of | Laie 
the other leg. That’s the one extending toward the east 
104 CHAPTERG6 ~ (right) from the central core of the spiral. co 
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North-South “‘leg”’ 








Left side Right side 
Station 
Temperature location 


East-West ‘“‘leg”’ 










Station 


location Temperature 













North side South side 
Station 
Temperature location 


[1] 6-5. On which side (north or south) of this leg are the 
temperatures lower? 


Station 


location Temperature 


L] 6-6. In general, were the temperature differences greater 
across the north-south leg or the east-west leg? 


The two legs of the cloud spiral lie in areas in which cold 
air is in contact with warmer air. In one case, the warm air 
lies to the east of the cold air. In the other case, it lies to the 
south. These temperature differences are important. Moist 
air is apparently lifted in some way to form clouds along 
these two lines of rather sharp temperature difference. 

Now examine the central core of the cloud spiral for a 
moment. The presence of heavy clouds suggests that air is 
being lifted in this area, too. But the temperature differ- 
ences at this point are not so sharp as those along the legs of 
the spiral. Some other cloud-forming factor must be at work 
in the core. 


Table 6-1 


DON'T FORGET YOUR 
WEATHER WATCH! 





Note that attention is focused only on differ- 
ences in the temperature of the air on either 
side of the cloud line at this point, and not on 
fronts. The groundwork for the study of 
fronts is being laid (‘Moist air is apparently 
lifted in some way ...’’), but they will not be 
studied until the following chapter. 
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6-7. Pressure differences (a low-pressure 
area) 


Two other cloud-forming factors were intro- 
duced rather abruptly on the preceding 
page. The mechanism for uplift on lines of 
temperature difference (fronts) and around 
areas of low pressure (convergence) is not 
explained here. From examination of photo- 
graphs and maps, students must accept the 
fact that clouds do form in these areas, and 
wait for a more complete explanation of the 
reasons later. 


Figure 6-6 


1025 


The rising of air and formation of clouds 
around a ‘low’ is quite understandable. If 
students accept the fact that air blows into a 
low-pressure area, like water flowing into a 
low depression on the earth, then air is com- 
ing in from all directions. There is no place 
this air can go but up. After flowing over the 
ground (or over water surfaces) it has picked 
up moisture, and when it rises, clouds are 
formed because of a decrease in tempera- 
ture and pressure. 


70a, 
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L]6-7. Besides temperature differences, what other factor 
produces cloud formation? 


If you have been keeping your daily weather watch, 
you ve learned that air pressure varies. It is slightly differ- 
ent from day to day even at the same spot on the earth. 
Weather scientists (meteorologists) keep track of pressure 
changes. They often plot their pressure measurements on 
special maps. Then they draw lines through all equal 


barometer readings plotted on the map (Figure 6-6). 


1025 


1025 


Notice that the top line runs through all the stations with 
a pressure of 1019 mb. The next line runs through those 
with a 1022-mb pressure. The bottom line runs only through 
those with a pressure of 1025 mb. 


Encourage students to take their time in 
drawing the isobars. If they draw light lines 
with a sharp pencil, it will be easy to erase 
and correct them. 


ACTIVITY 6-3. On Figure 6-4 in your Record Book, connect 
all equal barometric readings with lightly penciled lines. The 
lines should pass directly through the station circles that 
have the same barometric readings. These lines should be 
smoothly curved, and no line should cross another. Take your © 
time and draw light lines that can be erased and changed if 
you make mistakes. 


Lines connecting areas of equal barometric pressure are 
known as isobars. ([so- is a prefix meaning “‘equal.’’) 

Notice that the lines you drew in Activity 6-3 had a dif- 
ference of 3 millibars. That is, the interval between adjacent 
isobars is 3 millibars. 


[|] 6-8. Describe the pattern of barometric pressure re- 
vealed by the isobars you drew on Figure 6-4 in your Rec- 
ord Book. 


(1 6-9. Is the barometric pressure fairly high, or fairly low, 
where the core of the cloud spiral has formed? (Label this 
center on your Figure 6-4 as “‘High’’ or ‘‘Low.’’) 


The areas of greatest cloud formation in Figure 6-4 lie 
along a line of sharp temperature differences. Or they lie 
over an area of low barometric pressure. This suggests that 
sharp differences in temperature and pressure are acting as 
cloud-forming agents. Therefore, these variables have an 
important influence upon the weather. 

Clouds aren’t the only thing of interest in Figure 6-4. 
Take a look at the wind directions indicated there. Notice 
particularly the relationship between wind direction and the 
isobars you drew on the figure. 


L] 6-10. Describe the pattern of wind direction in the area 
of low pressure on Figure 6-4 (clockwise, or coun- 
terclockwise?). 


L] 6-11. What relationship do you notice between the pat- 
tern of wind direction and the spiral shape of the cloud 
mass? 


Earlier, you used a model for the cause of wind that 
depended upon unequal heating of the earth’s surface. (If 
you need to review this idea, see the last part of Chapter 5.) 
According to that model, wind is simply cooler air moving 
into an area of greater heating. 


The situation in Figure 6-4 is more complicated than that. 
The low-pressure area obviously has a great effect on the 
movement of air. The air seems to move around the area in 
‘a counterclockwise direction. This will become more im- 
portant in the next chapter. 


Better students may question why the winds 
around a low-pressure area have a coun- 
terclockwise circulation. After all, why don’t 
the winds just go straight in to fill up the 
“low'’? Without going into the scientific 
reasons for this deflection from a straight- 
line motion, the students will have to accept 
the behavior on the basis of their obser- 
vations. That’s simply the way moving air 
behaves. But actually, the reason for the 
behavior is the force called Coriolis. On a 
nonrotating earth, air (and other moving 
particles) would travel in a straight line. 
But because of the earth’s rotation, a body in 
motion in the Northern Hemisphere is de- 
flected to the right. (In the Southern Hemis- 
phere, it is deflected to the left.) So air that 
starts to blow into the center of the “low” is 
bent to the right of its direction of motion. 
Try it with a diagram on a piece of paper, and 
you will see that it results in a coun- 
terclockwise circulation. 

Incidentally, for you purists in science, 
Coriolis force is a fictitious quantity. We have 
so firmly believed a body in motion remains 
in motion in a straight line unless acted upon 
by an outside force (Newton’s Law) that 
when we see a body deviate from a straight 
line we feel that a force must be acting on it, 
and we give the force a name. The catch is 
that Newton’s Law only holds true in an iner- 
tial frame of reference. A rotating body is not 
an inertial frame but a rotating frame of ref- 
erence, and the body only seems to curve 
because of the earth’s rotation. 


Clockwise 


Counterclockwise 
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hese are actual satellite photographs, with 
the latitude and longitude lines, isobars, and 
station models added. 


Figure 6-7 





You can see that many problems complicate the task of 
making predictions about weather. Sometimes more than 
one weather-influencing agent is operating at the same time. 
Then it is hard to decide which of the assembled data is 
most important. 

Now let’s find out whether the example in Figure 6-4 was 
an isolated situation. Do the relationships you observed 
hold true in other situations, too? 

Figures 6-7 and 6-8 each contain a satellite photograph. 
They also contain a set of weather data collected at the time 
the photograph was taken. Examine each figure carefully. 


Try to find out whether the relationships you found in Fig- 
ure 6-4 hold for these areas as well. 


L] 6-12. Describe the flow of air near the low-pressure 
areas in Figures 6-7 and 6-8 (clockwise, or coun- 
terclockwise?). 


L] 6-13. Describe how the distribution of clouds in the two 
figures relates to the pressure and temperature data given. 


_] 6-14. Are your answers to questions 6-12 and 6-13 what 
you expected? 


Figure 6-8 





11© 29.70 
29.53 


Moe 


Students will have some difficulty with this 
Problem Break. One problem will be in draw- 
ing the isobars. The pressures given are not 
all in nice numbers ending in zero, so stu- 
dents have to estimate where the 998 and 
1004 lines go. As you undoubtedly realize, in 
the Teacher's Edition of the Record Book the 
dotted line indicating a sharp difference in 
temperature is really a front (which students 
do not yet recognize), and it should run 
roughly from Jacksonville through Tampa. 
Actually it is a cold front, traveling toward the 
east. The isobars should “kink,” or have a 
sharp bend at the dotted temperature line, 
but students don’t know this yet, either. 
Cloudiness should be shown along the dot- 
ted line. 


Figure 6-9 
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PROBLEM BREAK 6-1 


Figure 6-9 shows the Florida peninsula once more. 
Weather data have been included on the map. Sketch on the 
map the pattern of clouds you would predict on the basis of 
the data shown. Assume that lines of temperature differ- 
ence and low-pressure areas are cloud-forming agents. 
Neglect the fact that the difference in temperature over land 
and water can cause cloud formation, too. (It is still part of 
our weather model, but we’ll put it aside for the moment.) 

Complete your sketch now. Remember that isobars are 
smooth curves that connect points of equal pressure and do 
not cross each other. Also, remember that isobars are 
drawn every 3 millibars of pressure. Start by drawing in 
isobars of 998 and 1004. The 1001 isobar has already been 
drawn in. Note that there is only one reading of both 998 
and 1004. You will have to use your judgment and experi- 
ence in drawing the isobars. You should also draw a dotted 
line where you think there is a sharp difference in tempera- 
ture. Shade in the clouds as your last step. 


23 


24(_) 1003 
Tampa / 
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Then see how your conclusions compare with those of 
other students. Your teacher can offer you some advice if 
you are having difficulty with this activity. 


In the next chapter, you will make the final test of your 
model for weather. You can judge your model by seeing if it 
helps you make predictions about weather. First, though, 
you need to look at one other air-lifting (cloud-forming) 
factor. 





Because the earth’s surface is very irregular, air must Figure 6-10 
often flow up over mountains and down into valleys. As air 
is pushed up the side of a mountain, it is cooled. And there 
is less pressure from the atmosphere above. 


1) 6-15. What result would you expect as moist air moves 6-15. Clouds should form. 
up and over a mountain? CHAPTER6 111 





Figure 6-11 
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The explanation of uplift of air by geographic 
features is relatively short; however, this type 
of lifting to form clouds (called orographic 
uplift) is one of the easiest to visualize. This 
factor does have a profound effect on cli- 
mate. All the major deserts and dry areas of 
the world are found on the lee side of the 
prevailing wind of mountains. The Sierras 
and the Rockies are wet on their western 
slopes and dry on the eastern, with a prevail- 
ing west wind. The Hawaiian Islands, with an 
elevated central backbone, have an ex- 
tremely wet side facing the steady northeast 
trade winds, and an opposite, very dry side. 


This Problem Break gives students the op- 
portunity to test their understanding of this 
fourth part of their model for the uplifting of 
air. 
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The upward flow of moist air has great significance in 
mountainous regions. There may be abundant precipitation 
on one side of a mountain but little on the other side. For 
example, notice in Figure 6-11 that the vegetation is not the 
same on the two sides of the mountain. 





Clouds 
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L] 6-16. Explain why there is more vegetation on one side 
of the mountain than on the other in Figure 6-11. 


Let’s list the factors that produce clouds. 


1. Landforms (mountains, hills) may lift air and produce 
clouds. 

2. Sharp changes in barometric pressure are associated 
with cloudiness. 

3. Abrupt temperature differences seem to have some- 
thing to do with cloud formation. 

4. Surface heating of land areas, especially along coastal 
regions, produces clouds. 


PROBLEM BREAK 6-2 


Here’s your chance to use some of your experience to 
make predictions. In solving this problem, consider two 
ways that air is forced upward: 


a. By the different heating of the earth’s surface 
b. By mountains 


An aerial view of Iggy’s Island is shown below. There are 
three communities on the island. The direction of the pre- 
vailing (usual) wind is shown by the arrow. 
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In your Record Book, discuss the weather you predict for ee oe seeps oe rain- 
ws . all, periods of cloudy and clear skies. 
each of the three communities. Answer such questions as eaultraé Pograstweaiher heavy caineliOr 
the following: snowfall), heavy cloudiness. 
Iggytown: Dry weather, very little if any rain- 

1. Which community has the cloudiest weather? fall, cloudless skies. 

2. Which has the clearest weather? f No equipment need be prepared for Chap- 

3. Which community gets the most rainfall? ter 7. 


4. Which gets the least rainfall? 


Before going on, do Self-Evaluation 6 in your Record Book. CHAPTER6 113 





Moving 
Weather 


CHAPTER EMPHASIS 


Air masses meet to form fronts, and move 
across the country, forming a pattern of 
weather. 

EQUIPMENT LIST 


None 


According to the model you’ve developed, the uplifting of 
air has important effects on the weather. This process ap- 
pears to be linked to cloud formation. Thus it is responsible 
for all kinds of precipitation (rain, snow, sleet, and hail). 
This lifting process also seems linked to wind characteris- 
LIGS: 

When you began this module, your objective was to learn 
to predict the weather. The air-uplift model suggests some 
ways to do this. Suppose you could somehow know in ad- 
vance when uplifting air would occur in your area. This 
would let you make some good guesses about cloudiness 
and wind. But how can you predict when air is going to be 
uplifted? 


According to your model, air is uplifted in at least four 
major areas: 


1. Over a surface where air is heated 

2. Along lines where there is sharp difference in air 
temperature 

3. In areas of relatively low barometric pressure 

4. Where there are geographic features such as moun- 
tains 


MAJOR POINTS 


1. Predicting weather by the developed 

model depends on knowing when one or 

more of the four agents for lifting air will be 

operating in your area. These agents are 

(a) differentially heated earth surfaces, 

(b) contact between cold and warm air mas- 
ses, 

(c) low barometric pressure, and 

(d) certain geographic features such as 
mountains. 

2. Lines of temperature differences between 

two air masses are called fronts. 

3. Fronts and low-pressure areas are as- 

sociated with each other. They move to- 

gether. 

4. Air masses, low-pressure areas, and 

fronts move generally from west to east. 

5. The approach of low-pressure areas and 

fronts can be predicted by clouds, wind di- 

rection, change in barometric pressure, and 

temperature change. 









6. A warm front is caused by a relatively 
warm mass of air advancing over a mass of 
relatively cold air. 

7. Acold front is caused by a mass of rela- 
tively cold air displacing relatively warm air. 
8. Advancing cold fronts lift warm air. Ad- 
vancing warm fronts result in the warm air 
being lifted. 

9. Fronts do not all move at the same speed 
or in the same direction. 

10. The amount of moisture in the air con- 
trols the kind of weather along the front. 
11. Precipitation can be in the form of rain, 
snow, sleet, or hail. 
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This is the model at this point. Students 
should be expected to know the four major 
areas. 






Here the fronts (lines of temperature ‘differ- 
ences) have been named and the symbols 
given for them. Students will not yet know 
the characteristics of a warm front, cold 
front, or stationary front. That comes later. 


In the next four pages of weather maps, data 
from the stations and the lines drawn have 
been broken into two parts, an ‘“‘a’”’ and a ‘“‘b” 
for each map. This was done so that the 
maps would not be too cluttered with num- 
bers and symbols, and also so that students 
would see the pressure pattern and the fron- 
tal (temperature difference) pattern separate- 
ly, and then learn to connect them. Map “‘a’’ 
of each pair shows wind directions, wind 
speeds, high- and low-pressure areas, and 
isobars labeled in millibars at 3-millibar in- 
tervals. Map “‘b” of each pair shows wind di- 
rections, wind speeds, temperatures, and the 
lines of temperature differences at the three 
kinds of fronts. 
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Predicting when air will be lifted means knowing when 
One or more of these agents exist in an area. Since moun- 
tains and seacoasts don’t move, it is fairly easy to predict 
their effects. But what about lines of temperature difference 
and low-pressure areas? Do these things move about? If so, 
is there enough order to their moving to allow predictions to 
be made? Figures 7-1 through 7-4 will help you find out. 

Figures 7-1 through 7-4 show temperature and pressure 
data for most of the United States on four days in April. 
Two maps appear for each day; one gives temperature, 
while the other gives pressure information. Low- and 
high-pressure areas are labeled L or H on the pressure maps. 
Lines of temperature differences (fronts) and cloud cover 
are indicated by the symbols identified below. 


CLOUD COVER 


Cloudy 


FRONTS 


Partly 
cloudy 


Clear 
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Figure 7-1a 


Figure 7-1b 
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Figure 7-2a 


Figure 7-2b 
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ACTIVITY 7-1. Locate the low-pressure areas (L) on the map 
of barometric pressure for Day 1 (Figure 7-1a). Follow these 
lows on each succeeding barometric-pressure map (Figures 
7-2a, 7-3a, and 7-4a). Then answer question 7-1. 


[] 7-1. Did the low-pressure areas, shown first in Figure 
7-la, move during the four-day period? If so, in what gen- 
eral direction? 


ACTIVITY 7-2. Locate the lines of temperature difference on 
Figure 7-1b. Follow these fronts on each succeeding temper- 
ature map (Figures 7-2b, 7-3b, 7-4b). Then answer question 
7-2. 


L] 7-2. Did the lines of temperature difference, shown first 
in Figure 7-lb, move during the four-day period? If so, in 
what general direction? 


Both pressure areas and lines of temperature difference 
do move. Those on your maps wandered farther to the east 
during the four-day period. 

The fact that cloud-forming agents move makes the job of 
weather prediction more difficult. You must find some way 
to guess in advance when one of these systems will come 
your way. Let’s see if this can be done. First, we’ll consider 
the problem of predicting the approach of a low-pressure 
system. 

Suppose you were living in Syracuse, New York. On Day 
1 of the data period (see Figures 7-la and 7-1b), a low- 
pressure area would be lying to the west of you. Examine 
the data for Days 2, 3, and 4 and notice what happens in 
Syracuse as the low-pressure area approaches and then 
passes by. 


L] 7-3. What happened to the barometric reading in Syra- 
cuse as the system moved through? Did it rise, fall, or 
remain the same? 


L] 7-4. List the wind direction in Syracuse on the four days 
the system was moving through. During the four days, the 
wind shifted from to 








(17-5. List changes in the cloud cover as the system 
moved through Syracuse. 
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The movement of low-pressure areas and of 
lines of temperature difference becomes a 
part of the model and is therefore important. 
Students may have to be reminded that a 
good scientific model (1) explains observa- 
tions or phenomena and (2) allows predic- 
tions to be made about further behavior. It is 
this recognition of movement that will be the 
key to prediction of weather. 
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‘7-6. Observations of barometric pressure 
(falling) and wind direction (shifting from SE 
to S) 


7-11. Falling barometer reading and the ob- 
servation of a shift in wind direction from SW 
to S, or possibly the observation of an in- 
crease in cloudiness. (Note, however, that 
the air temperature is not a reliable indicator 
of the approach of the temperature- 
difference line, but it does tell when the line 
passes the station [Maps 3b and 4b]. It was a 
warm front, and the temperature jumped up 
from 3 °C to 18 °C.) 


7-12. The line approaching Selma is a cold 
front; the line approaching Fargo is a warm 
front. 
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L] 7-6. What observations could have been used two days 
in advance to predict that the low-pressure area was mov- 
ing into Syracuse? 


Now let’s look for signs that could be used to predict the 
approach and passing of lines of temperature difference. 
For this, you should study Figures 7-1b, 7-2b, 7-3b, and 
7-4b. . 


Suppose you were living in Fargo, North Dakota, when 
the data in Figure 7-1b were collected. At that point, a line 
of temperature difference would be lying to the west of you. 


L] 7-7. Is the air behind the line (to the west) cooler, or 
warmer, than that in front of it? 


Examine the temperature closely for Days 2. Sands: 
Notice what happened to the weather in Fargo as the line of 
temperature difference moved through. 


L] 7-8. What happened to the air temperature as the line 
approached and moved through Fargo? Did it rise, fall or 
stay the same? 


L] 7-9. List the changes in the wind direction as the line 
approached and moved through Fargo. 


[] 7-10. List changes in the cloud cover as the line ap- 
proached and moved through Fargo. 


[] 7-11. What observation could have told you on Days 1 
and 2 that a line of temperature difference was approaching 
Fargo? 


Now consider the weather in Selma, Alabama. On Day 1, 
an approaching line of temperature difference lies to the 
west of that city, too. But it’s different from the one you 
just examined. Look carefully to see how. 


L] 7-12. How does the line of temperature change ap- 
proaching Selma differ from that approaching Fargo on Day 
1 in Figure 7-1? 


Look at the weather data for Selma over the four-day 
period. 


L] 7-13. List changes in the cloud cover in Selma as the line 
of temperature difference passed through. 


L] 7-14. List changes in the wind direction as the line 
passed through Selma. 


L] 7-15. What happened to the air temperature as the line 
passed through Selma? 


L] 7-16. What happened to the barometric readings as the 
line passed through Selma? 


L] 7-17. What observations could have told you in advance 
that this line of temperature difference was approaching 





Selma? 7-17. Increasing cloudiness, wind from the 
SW and §, falling barometer 


Perhaps you now see what “‘lines of temperature differ- 
ence’’ really are. They are the edges of moving masses of 
warm or cold air. They are called fronts. 

A front is named by the air that is doing the displacing. If 
warm air is displacing cold, it’s a warm front. If cold is 
displacing warm, it’s a cold front. If neither air is advancing 
and displacing the other, it’s a stationary front. 

A warm front is a mass of relatively warm air that ad- 
vances into a region that is relatively cold. As the warm air 
advances, the lighter, warm air is forced upward over the 
heavier, cold air. This process typically takes place over a 
large area. In a warm front, both the air masses are moving 
in the same direction. The advancing warm air mass 1s mov- 
ing faster than the retreating cold air mass. 

To visualize this motion, imagine that you are looking at 
the front from the side as it passes by. This side view (or 
cross section) is what you would see if you sliced through 
the front and laid it open. Figure 7-5 diagrams what a warm 
front would look like. 


Figure 7-5 Warm Front 
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A front could be defined as a line of discon- 
tinuity between the two dissimilar air mas- 
ses. By dissimilar air masses is meant tem- 
perature and amount of moisture content 
(humidity). The air masses are dissimilar be- 
cause of (1) where they came from and (2) 
where they have been. (That's like the differ- 
ences in people being due to heredity and 
environment.) For instance, if the air came 
from northern Canada, it would be cold and 
dry. In its trip south, it would be warmed and 
moistened some. But it still might be colder 
and drier than air that came from the Gulf of 
Mexico, even though that air would be 
cooled and perhaps dried some in traveling 
north. 


Figure 7-7 
Notice also that the isobars are ‘‘kinked”’ 
(make a sharp bend) as they cross the front. 


This is one means of locating a front on a 
weather map. 
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A cold front is a mass of relatively cold air that is displac- 
ing relatively warm, moist air. The warm air may be moved 
upward more quickly than it is in the usual warm front. 
Therefore, the slope of the cold front is steeper than that of 
the warm front. Figure 7-6 diagrams a side view of the 
cold-front system. Study Figures 7-5 and 7-6 carefully so 
that you understand thoroughly the difference between 
warm fronts and cold fronts. 


Figure 7-6 Cold Front 
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Figure 7-7 shows a different view of warm and cold 
fronts. It’s as if you were looking down upon them from out 
in space. This is the view you get when looking at a weather 
map. Symbols used by meteorologists are shown in the 
figure. 
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Notice the relationship of the fronts shown in Figure 7-7 
to each other and to the low-pressure area. The general 
shape should be familiar to you. You’ve seen it on the 
weather maps you’ve been studying. And you’ve seen it in 
the photograph shown earlier, and reproduced again in 
Figure 7-8. 

In both Figure 7-7 and Figure 7-8 the two fronts and the 
low-pressure area form one large system. Look carefully 
once more at Figures 7-1 through 7-4. As you do, try to 
answer these questions: 


(] 7-18. Are the fronts on the temperature maps located in 
the same general areas as the low-pressure areas on the 
pressure maps? 


L] 7-19. Do the low-pressure areas move at roughly the 
same rate and in the same direction as any fronts near 
them? 


Figure 7-8 
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The pattern on the maps is not completely clear, but two 
things are apparent. 


1. Fronts are always associated with low-pressure areas. 
2. Fronts and pressure systems move across the country 
together. 


At this point, you have the chance to stop and gather 
your wits. Look back over all the photographs, maps, and 
illustrations in the last chapter and this one. Build a picture 
in your mind (a model) as to what happens to the weather in 
an area as a large pressure system approaches and passes ~ 
through. Take plenty of time for thought. It will be impor- 
tant to what you will do next. Use the questions below to 
guide you in your thinking. You should discuss these ques- 
tions with others who are at about this point. 


1. Approximately how wide is the band of cloudiness 
associated with a warm front? with a cold front? with a 
low-pressure area? (See Figure 7-7.) 


2. How far ahead of each type of front or pressure area 
does it extend? (See Figure 7-7.) 


3. What is the pattern of winds around a low-pressure 
frontal system? (See Figures 6-4, 6-7, 7-1, and 7-2.) 


4. How far do cold fronts, warm fronts, and low-pressure 
areas travel in a day? Do they all move at the same 
rate? (See Figures 7-1 and 7-2.) ; 


5. How can-you tell in advance when a low-pressure 
frontal system is approaching an area? (Refer to ques- 
tions 7-1 through 7-17.) 


6. What is the relationship of a high-pressure area to the 
movement and effects of a low-pressure frontal sys- 
tem? (Do they travel together? See Figures 7-1 and 
7-2.) 


Do you feel that you understand how passing fronts and 
low-pressure areas affect weather? If so, you are almost 
ready to apply that knowledge to your local area. Before 
you try to do this, though, you need to consider two more 
subjects. The first is precipitation (rain, snow, sleet, and 
hail). The second is cloud type. 


PRECIPITATION 


Why does rain or snow fall from one cloud and not from 
another? Why is this precipitation sometimes a downpour 
and sometimes only a sprinkle? Why does precipitation 
occur in so many different forms? These are not easy ques- 
tions to answer. In general, it’s more difficult to explain 
how precipitation gets out of clouds than to explain how 
clouds form. 


If you are interested in learning how to make raindrops, 
see Excursion 7-1, ‘‘And the Rains Came Down.”’ 


In Chapter 3, you learned that water begins collecting on 
dust and salt particles when the temperature falls below the 
dew point. According to your model, that is what causes 
cloud formation. If the droplets combine into larger and 
larger ones, they become too heavy to stay aloft. Then they 
fall. Falling water (rain, snow, sleet, or hail) is called pre- 
cipitation. 

Along fronts, warm air slides up over cooler air. As it is 
lifted, the warm air cools below the dew-point temperature. 
If the warm air is quite moist (humidity is high) and/or 
cooling is quite severe, precipitation is the likely result 
(Figure 7-9). 
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Excursion 7-1 is a good summation on 
clouds and precipitation. It presents the elec- 
trostatic theory of raindrop formation. 


In the figures that follow, note the varying 
weather along a front, depending on the 
moisture content of the warm air. The mois- 
ture in air is the storehouse of energy for that 
air. The latent heat of water is such that when 
water vapor condenses to droplets, a huge 
amount of heat is given off. This heats the 
air, which rises, cools, and causes further 
condensation. Violent weather may result. 





Figure 7-9 


It has been said that a fairly respectable job 
of weather prediction can be done just by 
watching clouds and wind direction. The 
sequence of cloud formations can be a guide 
to the type of an approaching front. As for 


Figure 7-10 
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wind, and old “‘law,”’ called Buys Ballot’s 
Law, can be stated as follows: “In the North- 
ern Hemisphere, face the wind, and the area 
of lowest pressure is on your right.’ 


The power of Buys Ballot’s Law can be read- 
ily seen. Knowing that winds rotate coun- 
terclockwise in a low, and also that lows and 
fronts move generally from west to east, then 
facing a south wind will mean that the low is 


Figure 7-11 


Direction of Warm Front Movement 
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approaching you. Face a north wind and the 
low is to the east and past you. Try it with 
some of the maps. 
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If the warm air is fairly dry (humidity is low) or if the 
cooling is not great, only a few clouds may form (Figure 
7-10). 
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BACK UP TO THE CLOUDS 


The second subject we will discuss is cloud type. Over the 
years, meteorologists have studied the changes in cloud 
type as weather systems move through an area. They have 
found that the changes fall into the fairly consistent pattern 
shown in Figure 7-11. 
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Clouds are often spoken of as ‘‘billboards of the sky.”’ A 
skillful observer can tell a great deal about forthcoming 
weather by studying the clouds. 


L] 7-20. List in order the cloud types you would expect to 
observe as a cold front approached your area. 


L) 7-21. List in order the cloud types you would expect to 
observe as a warm front approached your area. 


Now let’s try to summarize what you’ve learned about 
predicting the effects of frontal systems. Describe in Tables 
7-1 and 7-2 the changes you would expect to occur with the 
warm and cold frontal systems. 


Table 7-1 
, COLD FRONT 
Behind the front 
Barometric reading ee 
Table 7-2 
WARM FRONT 
Bcimnd the font 
Barometric reading oe ee ae E 
ee 
You may have had trouble deciding how wind direction is Tables 7-1 and 7-2 are good summations, 
affected by frontal systems. Predicting changes in wind di- and should be considered as key questions 


oie d checked in the students’ Record Book. 
rection requires that you know the direction before the PA Ge Mir ete Rolerar salina eek ae 


front arrives. You would also need to know the direction of 
motion of the front. Neither of those bits of information is 
provided in Tables 7-1 and 7-2. CHAPTER7 129 


Table 7-3 


PROBLEM BREAK 7-1 


You’ve been keeping a weather watch for quite a while 
now. You should have quite a collection of data for your 
area on variables such as barometric pressure, wind speed 
and direction, and cloud cover. Here’s your chance to 
study that data. Let’s see if the patterns in weather change 
for your area can be-explained by the model you’ve been 
studying. 

You should look for relationships between weather vari- 
ables. Do your data indicate that wind direction is related to 
barometric pressure, or to cloud type? Is temperature 
change related to humidity, or to wind speed? Let’s suggest 
one approach to getting answers to such questions. 

Suppose you want to find out how pressure change af- 
fects wind direction. You could make a table like Table 7-3. 





More and more of the work of the National 
Weather Service is concerned with statistics 
and computers. Here is an opportunity for 
students to do a little simple statistical 
analysis, using their own observations. 
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Tally the data from your weather watch in a table like 
7-3. Each tally (mark) will represent one 24-hr period. After 
all tallies are made, you can judge the effect of pressure 
change on wind direction. You can even make some calcu- 
lations. For example, you can calculate the likelihood that 
one kind of pressure change will produce a given wind di- 
rection. Suppose you want to know how often you can 
expect to see a southerly wind when the pressure is falling. 
Here’s how you find out by using your data. 

Sum up all the tallies in the entire table to get a grand 
total. Then divide this number into the number of tallies in 


the box under “‘South’’ and opposite ‘‘Falling.’’ Multiply | 


your answer by 100 to get a percentage. 
No. of tallies in data box — 


x 100 = 
Grand total of tallies Para 


This percentage (sometimes called probability) is a mea- 
sure of the likelihood that falling pressure will produce 
southerly winds in your area. Of course, this percentage is 
based on limited data taken at one particular time of year. 
More extensive data might give you a different percentage 
for your answer. Even with such limited data, a percentage 
of this sort gives you more predicting power than you had 
before. 

You should now select the variables you want to investi- 
gate. Record your findings and conclusions in your Record 


Book. If you need help in selecting variables, do Resource 
6, “‘Investigating Variables.” 


L] 7-22. What do you think the weather forecasters mean 
when they say ‘‘The chance of rain today is 30%’’? Discuss 
why you think they would make such a statement. 


This module was not designed to make you into a 
meteorologist. Its purpose was to introduce you to certain 
factors that affect weather. And it was designed to help you 
put together a simple model for explaining those effects. 
You’ve seen that there would be no change in weather 
without movement of air. That’s why this module is titled 
Winds and Weather. 
You’ve investigated many variables and seen how they Encourage better students to do Excursion 
affect the motion of air. You’ve learned something about 7-3. It is the “pay-off’ on the use of the model 
caus for predicting weather. 
the processes that form clouds. Perhaps-you are still in- 
terested in learning more about old ‘‘cumulonimbus”’ 
(Chapter 1). If so, take a look at Excursion 7-2, 


‘*Cumulonimbus.”’ 


Low- and high-pressure areas and frontal systems have 
also been studied a bit. You are on the verge of being able 
to predict simple weather changes in your own region. You 


can try your wings if you wish. Take a look at Excursion 
7-3, ‘Weather Prediction and Forecasting.” 


Don’t be disappointed if you aren’t confident about your Excursion 7-2 is an opportunity to look at 
predictions. Weather is very complicated and often unpre- EE Soh Waite pinase jig epi algerie 
dictable. If you don’t believe it, ask any weather forecaster. 


Before going on, do Self-Evaluation 7 in your Record Book. CHAPTER7 131 


Excursion 7-1 You have been studying a number of events that take place 
b in the atmosphere. All these events can lead to one other 

And the Rains occurrence that we associate with weather—precipitation. 
Came Down This precipitation can be in the form of drizzle, showers, 
snow, sleet, or hail. It all depends on the temperature and 

other conditions. Precipitation might be considered the top 

rung of a ladder of events that occur in the air (Figure 1). 


EQUIPMENT LIST 


1 plastic straw 

Rubber tubing, 60-cm length 
1 pail 

1 comb 


Scotch tape or clay 


1 flat pan 
This is a general-interest excursion. 


Figure 1 PURPOSE: To test a possible theory for pre- 


cipitation. 
5 Condensation 
4S oaturation Gi) Let’s climb to rung 5, Condensation. Air must contain 
water vapor and some solid particles for condensation to 


take place. When the temperature of the air reaches the 
dew point, the water vapor will condense on the particle 
surfaces (dust, smoke, salt particles). Figure 2 illustrates » 
the formation of a cumulus cloud. Moist air is lifted and 


[ae eT, 
then cooled. The cloud forms when the dew-point tempera- 
ture is reached and water begins to condense on small par- 






7 Precipitation 








Growth of 
6 Crystal or 
Water Droplet 






ticles (condensation nuclei). 






Figure 2 
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Cloud droplets 
MAJOR POINTS 


1. Precipitation is the end result of anumber SSS CPs COS oe Dew Point Level 
of events in the atmosphere. DADS 
2. To go from condensation to precipitation, 
cloud droplets must be brought together to 
form a raindrop. 

3. One model of raindrop formation uses 
electrostatic attraction as a basis. 

4. Ice crystals in clouds may be another fac- 
tor in precipitation. Rising moist air 
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The cloud consists of very tiny droplets, which we’ll call 
‘cloud droplets.”’ 

Figure 3 compares the sizes of a condensation nucleus 
(dust or salt), a cloud droplet, and an average-size raindrop. 
An average raindrop is so large compared with the droplet 
and condensation nucleus that we can only show part 
of it. 


Figure 3 
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Now glance back at the ladder in Figure 1. In order to go wes een ae the el eis iets 
< Pe, fe e togetner to torm raindrops Is calle 
from condensation (rung 5) to precipitation (rung 7), growth coalescence. It’s not just a simple matter of 
(rung 6) of the “‘cloud droplets’’ must take place. About one Shae ber at forming bigger drops. 
She : en the tiny droplets come together, they 
million cloud droplets are needed for a small raindrop to ferid tn bounce of each pier Iberia 
form! How does this happen? To find out, you and a partner balls, possibly because of surface tension. 
s ot the Some force is necessary to get them to stay 
will need the following: +5 Praia ican ahooet 
1 plastic straw 1 comb 
Rubber tubing, 60-cm length Scotch tape or clay 
1 pail Flat aluminum pie pan 








Pin (cut pin hole; 
do not cut through bottom) 


Push clay in Plastic straw Rubber tubing 


ACTIVITY 1. Carefully punch a pinhole on one side only of the Perhaps it would be wise to ot Wh ag phe 

. . . : Iv- 
plastic straw. Block up one end of the straw with clay ortape. 200) M0 Me Ey con. 
(The end must be watertight.) Fasten the open end of the trolled. 


straw to the rubber tubing. EXCURSION 7-1 133 
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EXCURSION 7-1 





ACTIVITY 2. Set up the apparatus as shown. The top supply 
bucket should be about EF full. 


Plastic straw 
with pin hole 





ACTIVITY 3. Hold the straw lower than the water level in the 
bucket. Suck on the pinhole until water starts to flow. Hold 
the straw in the pan so that the fountain is vertical. 


Bucket, 
% full 


of water in the bucket. of water 


= 


Straw is held 
beneath the level 





ACTIVITY 4. Observe the spray of water carefully. Pay par- 
ticular attention to the size of the droplets. Now, while you 
hold the straw, have your partner run a comb several times 
through his or her hair. Then move the comb close to the 
spray. Move the comb in and out several times. 


[]1. What did you observe happening when the comb was 
brought close to the spray? 


[| 2. What happened to the size of the droplets when the 
comb moved toward and away from the spray? 


(13. Give your explanation of why the comb affects the 
water spray. 


L] 4. Does this investigation suggest what might cause tiny 
cloud droplets to combine to form raindrops? Explain your 
answer. 


The friction that results when a comb is run through dry 
hair produces an electric charge on the comb and the hair. 
Electric charge can produce a force of attraction between 
objects. As you brought the charged comb near the water 
spray, the droplets probably increased in size. It is reason- 
able to assume that this change was caused by the charge 
on the comb. Tiny droplets were attracted to one another 
and combined into larger ones. Electric charge also exists 
in clouds. Therefore, it is reasonable to think this charge 
may cause the formation of raindrops. 


A cellulose acetate strip rubbed with tissue 
paper, or avinyl strip rubbed with wool cloth, 
will work even better than the comb. These 
are the two strips used in Level 2 of The 
Natural World, and they may be readily avail- 
able. 


An electrostatic field does indeed cause 
coalescence of the drops. But students 
should realize that this is only a theory—a 
model for the possible explanation of rain- 
drop formation. No one has actually ob- 
served this happening inside a cloud, and 
there could be other factors—other 
models—that could explain the phenomena 
just as well. 

For your information, water molecules are 
polar—that is, the 2 hydrogens with a plus 
charge are oriented toward one side of the 
molecule, and the oxygen with a double 
minus charge is oriented to the other side. 
The charge on the comb, either plus or 
minus, attracts the oppositely charged parti- 
cles, which are free to orient themselves to- 
ward it. The water spray is thus attracted, be- 
cause part of each molecule is closer to the 
comb than the other part. 
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Here’s another model—and one that enjoys 
more favor, especially for clouds that extend 
high enough (swelling cumulus, cumu- 
lonimbus) to reach the freezing level. 


Note the keying of Excursion 7-2 here as well 
as in the chapter. 
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There is another factor in raindrop formation. Some 
meteorologists think it is even more important than the 
presence of electric charge. This factor is the presence of 
ice crystals in clouds. Figure 4 shows how the temperature 
in a cloud may vary. In large clouds extending to high al- 
titudes, the temperature may be well below the freezing 
point of water. The water droplets at altitudes above the 
freezing line will be colder than the freezing point of water, 
and still be liquid. These droplets are called “‘supercooled”’ 
droplets. Some ice crystals will also exist in the cloud. Ifa 
droplet collides with an ice crystal, the supercooled droplet 
will immediately freeze on the surface of the ice crystal. If 
this process continues, the ice crystal may become heavy 
enough to fall through the cloud. If the crystal falls through 
warm air, it may melt and reach the ground as a raindrop. If 
the crystal falls through air that is below freezing, the pre- 
cipitation may be in the form of ice or sleet. 
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If you are interested in finding out how hail forms, take a 


look at Excursion 7-2, ‘‘Cumulonimbus.”’ 


This excursion should be done on a day when there are Excursion 7-2 EQUIPMENT LIST 
cumulus clouds. Figure | shows a typical display of cu- None 


mulus clouds. Cumulonimbus 


' ; ; é This is a general-interest excursion. 
ACTIVITY 1. Go outside, lie on the ground, pick out a single 
PURPOSE: To study the development, char- 


cumulus cloud. Observe it for at least 3 minutes. Then select iA: 
: : acteristics, and properties of thunderhead 
another cloud, and again, observe it for 3 minutes. clouds. 


: MAJOR POINTS 
L]1. List the changes you observed for the two cumulus 
1. Cumulus clouds are constantly changing 


clouds. shape and size and may build to cumulonim- 
; bus clouds. 
L] 2. Compare and contrast the behavior of both clouds. 2. Violent air movements within the cloud 
can produce violent weather. 
¥ 3. Successive up-and-down trips through 
Figure 1 the cumulonimbus cloud can build an ice 
crystal into a large hailstone. 








Whether or not a cumulus grows to:a Cu- 
mulonimbus, or remains the same size, or 
dissipates, is controlled by the stability of the 
air. This in turn is affected by the moisture 
content of the air. Air that is conditionally 
stable and has a high moisture content. may 
be uplifted by one of the four agents that 
make up the model. When the condensation 
level is reached and clouds form, so much 
heat energy is given to the air by condensa- 
tion that it becomes unstable, rises rapidly, 
and builds into huge clouds. 


Figure 2 
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You learned earlier in this unit that if warm, moist air 
rises, it will cool. The water vapor will condense on tiny 
solid surfaces, forming a cloud. Cumulus clouds, with their 
puffy, heaping appearance, are formed where updrafts of 
moist, warm air occur. You might have noticed that the 
clouds you observed changed quite dramatically. Perhaps 
the cloud moved horizontally, broke apart, faded away, or 
grew larger. Generally these clouds don’t last too long be- 
cause the air surrounding them is usually quite dry. This 
dry air causes the cloud droplets to evaporate and become 
invisible water vapor. 

Some cumulus clouds, however, are huge and may last 
long enough to produce violent weather. Examples of these 
clouds are shown in Figures 2 and 3. 

You probably know that the clouds shown in Figures 2 
and 3 are cumulonimbus clouds. Perhaps you have seen one 
recently. You may remember that wind, thunder, lightning, 
rain, and perhaps even hail may have been associated with 
it. How does a cloud get so big? What happens inside these 
clouds to produce a violent thunderstorm? 





a 


The moisture content, and therefore the en 
ergy content, of a thunderhead is terrific. 
has been calculated that single thu 
derstorm about 5 km in diameter can contain 
as much as a half million metric tons of con- 
densed water. This is found in the form of 
water droplets and ice crystals. In condens- 
ing this much moisture out of the water va- 
por, the energy released by the latent heat of 
condensation is equivalent to burning about 
60 000 metric tons of coal 


Figure 3 








Figure 4 
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Note that the excursion supposes students 
are able to observe cumulus and cumu- 
lonimbus while they do the activities. 


This violent up-and-down motion of air is ex- 
tremely hazardous to aircraft flying in prox- 
imity to the cloud. Besides extreme pas- 
senger discomfort, large stresses are placed 
on the structure of the plane. There are many 
documented cases of extensive damage to 
the craft. 


Figure 5 


Ground 
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ACTIVITY 2. Figure 4 shows drawings of the same thun- 
dercloud at different times. Using the vertical scale shown in 
the photographs, determine the height, in metres, of the 
cloud at each time. 


2:00 P.M. 3:00 P.M. 


L1 3. How tall (from bottom to top) was the cloud at each 
time interval? 


L]4. What was the rate of growth of the thundercloud? 
(Hint: How many metres did it “‘grow’’ per hour?) 


Rising air in some thunderclouds may have upward 
speeds of 100 to 300 km per hour. At such speeds, the air 
may climb above the condensation level very rapidly. If the 
surrounding air is relatively high in humidity, the cloud may 
grow to 12 000 metres or more! 

Inside the cloud, air moves violently up and/or down. 
Figure 5 shows the nature of the air motion in a cu- 
mulonimbus cloud. 


Updratt J / 


Downdraft 


Notice that at first the air motion is predominantly an 
updraft. During maximum development of the cloud, the air 
moves both in violent updrafts and in downdrafts. Finally, 
the upward motion, which supplies the moisture, ceases, 
and the cloud consists only of downdrafts. 

Let’s examine One important effect of the ups and downs 
of air in a cumulonimbus cloud. This effect is called hail. 
Although most hail is about pea size (1 cm), some hail- 
stones may be as large as tennis balls (6 to 8 cm in diame- 
ter). A close inspection of hailstones reveals that they con- 
sist of a series of layers of ice in concentric shells. See 
Figure 6. 


Figure 6 





The formation of these ice layers requires the presence of 
strong updrafts. 


L] 5. Why, do you think, are strong updrafts necessary in 
forming hail? 


If an ice crystal falling through the cloud is caught in an 
updraft, it can collect more droplets on its surface. The 
crystal then enlarges. Near the top of the cloud, the force of 
the updraft decreases. The now larger crystal falls again, 
collecting more ice on its surface. If it is hurled upward 
again by the updrafts, still more ice collects. 


(16. What would cause the hailstone to finally fall to the 
earth? f 


Imagine how strong the updrafts must be to produce 
hailstones the size of tennis balls! 


In a full-grown cumulonimbus, the greatest 
updraft comes in the front third of the cloud. 
This has the effect of producing a relatively 
calm area at ground level after the first gust- 
iness and large raindrops have stopped. 
Then the major precipitation occurs under 
the back two thirds of the cloud. 
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Excursion 7-3 
Weather 
Prediction 

and Forecasting 


Have you been wondering how meteorologists can predict 
the weather from data like that shown in Table 1? How can 
they combine several kinds of information to interpret and 
forecast the weather? 


Table 1 


ese 
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EQUIPMENT LIST 


1 weather instrument 
Barometer 

Sling psychrometer 
Weather map 


This is an advanced general-interest excur- 
sion. 


PURPOSE: To afford practice in making 
weather forecasts. 


MAJOR POINT 


By using the weather elements of tempera- 
ture, humidity, cloud, wind direction and 
speed, and barometic pressure, and the de- 
veloped model for weather, a short-range 
forecast can be made. 
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How well can you interpret the data in Table 1? Can you 
predict what the next day’s weather will be? Notice that the 
data are for a four-day period. Data for a fifth day (the 24th) 
are not included. You will try to predict these data. Study 
the patterns in each column before trying to answer the 
following questions. 


(1 1. What kind of front is moving across this area? 


[] 2. Suppose you knew that the center of high pressure 
was due to arrive on the 24th. Predict what would happen to 
each of the following quantities just after it arrives. (Com- 
plete that part of Table 1 in your Record Book.) 


TEMPERATURE (Drop greatly? Drop slightly? No change? 
Rise slightly? Rise greatly?) 


HUMIDITY (Drop? Stay the same? Rise?) 

CLOUDS (Stay clear? Get cloudy? If so, what types?) 
WIND (None? Strong? Light?) } 
PRECIPITATION (None? Some?) 


Fortunately, the weather pattern shown by the data in 
Table 1 is a fairly clear-cut case of frontal movement. The 
air pressure dropped slightly. Then it rose rapidly just be- 
fore the first part of the high-pressure area arrived. The 
drop in temperature shows that the high-pressure area was 
the result of an advancing cold air mass. As the cold front 
moved into the area, the relative humidity rose, water 
vapor condensed into clouds, and rain fell. After the cold 
air mass replaced the warm air, the air was clear, cold, and 
fairly still. 


Most weather predictions, or forecasts, are for less than Some teachers start bringing in the daily 
48 hours. They are called short-range forecasts. You can heeded maps at the 
5 . ule. These can be poste 
try making a 48-hour forecast. Carefully analyze the daily piidniialiyontabaliotin bos 
weather map, which you can obtain from a daily news- wall. Probably nothing can mal 
: : sion of daily weathe 
paper. Add your analysis to your observations of tempera- erations 
ture, pressure, humidity, and cloud type. into their daily weather ob 


Table 2 describes signs to look for when making short- 
range (48-hour) forecasts. 


Table 2 
Weather 
element Probable change in weather 
Rapid drop Front approaching—rain or 
snow 
Air pressure | Rapid rise Front moving out—clearing 
and fair 
Weather remains same 
Puffy, scattered Fair weather 


cumulus 


Clotids Afternoon cumu- Thunderstorms 
lonimbus clouds 
Altostratus Warm front—no rain unless 
ei cloud type changes. 


High pressure over region— 
weather will probably remain 
fair 





‘Geol: clear day 
Pach little wind 


Miscellaneous |__ 






t 


Le Advancing or receding front 


Pees | 143 








Some of these predictions will be quite dif- 
ficult for the student. For instance, nowhere 
in the unit has the concept been developed 
that wind speed is a function of the separa- 
tion of the isobars. When isobars are closer 
together (steep pressure gradient), the winds 
will be stronger than when the isobars are 
widely separated. 


Encourage students to play this “game” of 
daily forecasting. It is an excellent continu- 
ing activity. 
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ACTIVITY 1. For the next three days, continue to gather 
weather-watch data. Each day, study your observations and 
make a forecast of the next day’s weather. In addition, con- 
sult the daily weather map posted in your room, or look in 
your newspaper. 


Your forecast should be recorded in your Record Book. 
Try to include predictions of the following in your forecast: 


Cloudiness (increase, decrease, remain the same) 
Probable wind direction 

Probable wind speed 

Barometer reading (fall, rise, remain the same) 
Probable cloud types 

Probable temperature range 

Precipitation expected (amount and type) 


a Pe 


As each day passes, make a note of your success. Profes- 
sional weather predictors often have a “‘batting average’ of 
only 60%-70%. If your predictions are correct even half the 
time, your are doing pretty well. 

You can do your forecast work at the same time that you 
are beginning the next module. Try not to let newspaper or 
television weather forecasts affect your own predictions. 
The object is to test how well your model works, not to 
make perfectly accurate forecasts. 


ACTIVITY 2 (Optional). If you are interested, try making an 
extended forecast. An extended forecast is usually a weather 
prediction up to about a week in advance. Extended fore- 
casts are general forecasts. Therefore, you should not be 
concerned with details as you were for the short-range fore- 
cast. For the next week, predict what you believe the outlook 
will be for your area in terms of the following: 

Temperature (warmer or colder than normal for the time of 
year) 

Precipitation (more rainy or less rainy than normal for the 
time of year) 

Movement of fronts through your area 


To give a general forecast, you may want to find out the 
normal temperatures and precipitation amounts for your 
area. You may also want to look at weather-satellite photo- 
graphs of the clouds over the earth’s surface. 


Air 
becomes cooler with altitude, 20, 31, 79, 83 
breath warmer than, 22 
can be observed by adding smoke particles, 2; 
experiment concerned with, 2-4 
composed of invisible gases, 2 
cool or cold: displaces warm air, 88; heavier than warm 
air, 88; precipitation through, 136; tends to 
descend, 88 
cooling of, causes condensation, 50, 79 
dry: faster evaporation in, 57 
effect of altitude on, 19-20, 31 
effect of surface temperatures on, 1; experiment 
concerned with, 2-4 
exerts pressure, 31. See also Air pressure. 
has weight, 31, 34, 35; experiment demonstrates 
this, 21-22 
heavier pushes up lighter, 6 
horizontal movement of, 87, 89 
important facts about, 31 
moisture in: experiments concerned with, 41-52. 
See also Humidity; Water vapor. 
in (and over) mountains, 35, 111, 112, 115 
movement of over surface irregularities of earth, 111 
particles of other matter found in, 50 
receives more heat over land than over water, 82 
rise of: areas at which it occurs, 115; 
attainment of dew point during, 79; decreased pres- 
sure upon during, 31; faster over land, 86; indicated 
by ascending smoke, 4 
saturation of, 56 
in thunderclouds, 140-141 
Torricelli’s discussion of, 35 
uplift of, 115-116 
vertical (up/down) movement of: effect on aircraft, 13; 
effect on weather, 5, 7, 13; effect of surface tempera- 
tures on, 13; in thunderclouds, 140-144 
warm or hot: cools as it rises, 79; experiment concerned 
with, 14-17; holds more moisture than cool, 48; 
lighter than cool, 6, 88; tends to rise, 7, 31, 83 
water vapor in. See Water vapor. 
Air particles 
exert downward weight force, 22 
experiments concerned with, 5-6 
fewer in number at higher altitudes, 31 
motion of, 24 
spread apart when heated, 88 
Air pressure 
on barometer disk, 37 
changes in, 106 
compared with liquid pressure, 30 
decreases with altitude, 23 
experiment concerned with, 23-24 


how to determine, 34 


making measuring device for, 23-24 
may be measured in pounds or inches, 76 
plotting on weather map, 106 
reduction of, in student experiment, 80 
varies with location, 31 
standard sea-level, 76 
Aircraft, affected by vertical movement of air, 13 
Altus clouds, 68, 69 
Atmosphere 
changes in, cause weather, | 
contains solid particles, 52 
contains water vapor, 52 
heating of, depends on surface below, 83 


Balloons 
basic equipment for, 14 
general discussion of, 7 
weather, 20 
See also in Equipment Index. 
Barometric pressure 
daily student readings of, 31 
how it is recorded, 103, 106-107 
Problem Break concerned with, 28-31 
student exercises concerned with, 103, 107, 121, 123 
See also Barometer in Equipment Index. 
Blowing (on wet surface), in student experiment, 53, 55 


Caution, about balloon experiment, 16-17 
Centimetres, conversion of inches to, 77 
Checkups 
about barometers, 39 
about pressure, 32; answers to, 34 
Cirrostratus clouds, 68 
Cirrus clouds, 61, 62, 68, 69 
Clockwise and counterclockwise rotation, 107 
Cloud cover 
module study of from satellite photographs, 99-105 
recording of for weather watch, 63 
student exercise concerned with, 121-123 
symbols used for, 63, 116 
Cloud droplets, formation of demonstrated by student ex- © 
periment, 133-136 
Clouds 
bases of form first, 92 
composed of fog or mist, 82 
constructed by student in experiment, 52, 82 
effect of weather systems on (diagrams), 127-128 
electric charges in, 135 
factors that produce, 112 
families of, 68-71 
foretelling storms by, 67 
form at same height (on specific day), 90 -145 


form at dew point, 90 
formation of, 79, 83, 85, 92, 127, 132-133 
formula for finding distance traveled by, 97 
how to calculate height of, 92-93 
how to make in laboratory, 51-52 
ice crystals in, 68, 136 
identification questions about, 71 
measuring motion of, with nephoscope, 94-97 
names for, 67-68 
observation of, in nephoscope experiments, 94-96 
patterns of, 84 
Problem Break concerned with, 82 
types of, 61-63; student exercises concerned with, 129 
variables causing, 107, 110 
water in, 41, 44 
See also specific varieties of cloud. 
Condensation 
definition of, 43 
droplets formed during, 43, 44 
experiments concerned with, 41-44 
explanation of, 132 
occurs during experiment, 41-43 
particles in air provide surface for, 50 
in rising air, 79 
Condensation nuclei, 132, 133 
Cumulonimbus clouds, excursion concerned with, 
137-141 
Cumulus clouds, 61, 62, 68, 70, 71, 90, 132, 137, 138 


Dew point. See Temperature (dew-point). 

Direction: clockwise and counterclockwise (demon- 
strated by diagram), 107; how to tell without a com- 
pass, 66 

Downdrafts, 141 

Dust: in air, 50, 83; condensation on, 132 


Earth’s surface, irregularity of, 111 

Electric charge: in clouds, 135; produced by combing 
hair, 135 

Evaporation, experiments concerned with, 53-57 


Feet (English units of length), conversion to metres, 77 
Force ; 
calculation of amount exerted on given area, 33 
indicated by change in motion, 4 
pressure represents concentration of, 33 
Fronts 
cold, 123, 124 
definition of, 116, 123 
diagrams of, 123, 124 
general discussion of, 123-126 
how clouds are affected by (diagrams), 127-128 
indication of, on weather maps, 117-120 
stationary, 123 
student exercises concerned with, 121-123, 
126, 129 
symbols for, 116 


warm, 123 


Galileo, 35 
Gas, conversion of liquid to, 55 


Hail and hailstorms, 70, 126, 132, 136, 141 
Heat energy: changes liquid to gas, 55; speeds moving 
particles, 56 
High-pressure areas 
indicated on weather maps, 117-120 
labeling of, 116 
student exercise concerned with, 126 
Howard, Luke, 68 
Humidity and relative humidity, 43-48 


Ice 

in hailstones, 141 

precipitation in form of, 136 

See also Ice in the Equipment Index. 
Ice crystals, 68, 136 
Iggy’s Island, 113 
Inches, converting to centimetres, 77 
Isobars, 107, 110 


Knot (nautical measure), 75 


Lapse rate, 21 
Light, increases temperature of surface, 10 
Low pressure areas 
air tends to rise over, 115 
front always associated with, 126 
indicated on weather maps, 117-120 
labeling of, 116 
student exercises concerned with, 121, 122, 125, 126 


Mass, depends on number of particles, 6 
Matter, model for, 6, 23, 56, 84, 88 
Measurement, different systems of, 74-77 
Mercury 
in barometer, 37 
as a medium for measuring pressure, 30, 35, 37 
Torricelli’s discussion of (quicksilver), 36 
weight of, compared with air or water, 30 
Metres, conversion of feet to, 77 
Metric system 
converting other systems of measurement to (excursion 
concerned with), 75-77 
general discussion of, 74 
Millibars 
conversion to pounds or inches, 76 
equated with newtons, 37 
indicated on barometer scale, 38 
measuring pressure in, 30 
Mist, 82, 83 
Model 
air-uplift, 115 
for matter, 6, 23, 56, 84, 88 


mental, 84 

scientific, 19 

for weather, 19 
Mountains, 111, 112, 115 


Newton (unit of force), 32, 37 
Nimbus clouds, 70 
North Star, 66 


Particle balance, 56-57 
Particles 
air. see Air particles. 
all substances made up of, 6 
behavior of during evaporation and condensation, 
56-57 
blowing away of, 57 
change of motion in, 4 
collision of, 56 
greater number of, causes greater mass, 6 
motion of, spreads them apart, 6 
movement of, between gas and liquid, 56 
provide surface for condensation, 50 
of smoke, 50, 51, 83, 132 
of solid matter in air, 50 
Pascal (unit of pressure), 34 
Precipitation 
cause of, 127 
forms of, 126, 132 
in freezing air, 136 
general discussion of, 127 
may be reported in inches, 77 
in mountains, 112 
observation of, for weather watch, 63 
steps in process of (diagram), 132 
upward movement of air responsible for, 115 
Prediction (of weather conditions) 
of approach of pressure area, 121-122 
of cloudiness, 115 
role of landscape features in making, 116 
student exercises in, 115-131 


weather maps to be used in making (class exercises), 


117-120 
of wind, 115 
Pressure 
atmospheric. See Air pressure. 
checkup about, 32; answers to, 34 
conversion table for units of, 76 
excursion concerned with, 32-34 
measured in millibars, 30 
measured in newtons, 33 
measured in units of length, 29 
operational definition for, 34 
term describes concentration of force, 34, 35 
Pressure areas, 121, 126 
Pressure change, student exercise concerned with, 
130-131 
_ Probability, explanation of, 131 


Problem Breaks 
concerned with air temperature, 11-12 
concerned with barometric pressure, 28-31 
concerned with cloud formation, 82 

- concerned with making predictions, 112-113 
concerned with temperatures at different 

altitudes, 20-21 

concerned with weather map, 110-111 
concerned with wind direction, 89 
concerned with your own weather watch, 130-131 
explanation of, 11 


Quicksilver. See Mercury. 


Rain, observation of, for weather watch, 63. See also. 
Precipitation. 

Raindrop 
compared with cloud droplet, 133 
compared with condensation nucleus, 133 
development of, from ice crystal, 136 
formation of, demonstrated by experiment, 133-136 
number of cloud droplets in, 133 

Relative humidity and humidity, 43-48 

Ricci, Michelangelo (Torricelli’s letter to), 35 


Safety rules, for working with alcohol burner, 16-17 
Salt crystals in air, 50, 83, 132 
Saturation, explanation of, 56 
sleet; 325 136 
Smoke 
experiments concerned with, 2-4, 51-52 
how to collect, 2-3 
makes observation of air possible, 2 
upward motion of indicates rising air, 4 
Smoke particles, 50, 51, 83, 132 
Snow, form of precipitation, 126, 132 
Snowshoes problem, 32-33 
Speed, formula for, 97 
Spills, in laboratory, 16 
Station models, 101 
Storms, foretelling by clouds, 67 
Stratus clouds, 61, 63, 68 
Sunlight, surface absorption of heat from, 19 
Surfaces 
cooling of: different for different surfaces, 10; of earth: 
affect temperatures of air above, 11; 
irregularities in, 111; temperature of affects vertical 
movement of air above, 13 
heating of: different for different surfaces, 10, 19; 
produced by light shining on, 10; by sunlight, 19 
temperatures of: experiments concerned with, 7-10; 
increased by light upon, 10. See also Temperature 
(surface). 
Symbols 
for cloud cover, 63, 116 
for fronts, 116 
for wind speed and direction, 101-103 147 


Temperature (air) 
decrease in, produces condensation, 73 ~ 
decreases with altitude, 20, 31, 79, 83; Problem 
Break concerned with, 20-21 
effect of evaporation on: experiments concerned with, 
$5-57 
effect of surface temperature on, 11, 19-20; experiment 
concerned with, 3-4; Problem Break concerned with, 
11-12 
factor in calculating cloud height, 92-93 
falls faster than dew-point temperature, 92 
how to read for weather watch, 60 
lapse rate in, 21 
limits usefulness of student-made barometer, 29 
lines of difference in. See Fronts. 
Problem Break concerned with decrease in, 11-12, 
20-21, 28-31 
recorded by weather balloon, 20; Problem Break con- 
cerned with 20-21 
recording in symbol cluster, 101-103 
wet- and dry-bulb, 46-49 
Temperature (alcohol), experiments concerned with, 
53-55 
Temperature (dew-point) 
clouds form at, 90, 132 
condensation occurs at, 43, 44, 79, 132 
decreases with altitude, 91 
definition of, 43 
factor in determining cloud height, 92-93 
how to determine, 48-49 
table for, 49 
Temperature (in general), converting one system to 
another, 74 
Temperature (surface) 
affects vertical motion of air, 13 
effect of on air, 11, 19, 20; experiment concerned with, 
3-4, 7-11, 19-20 
different for different surfaces, 10; experiment con- 
cerned with, 7-10 
how to record on graph, 9 
increased by light upon, 10; experiment concerned 
with, 7-10 
Temperature (water), experiments concerned with, 41-43 
Thundercloud, 1, 140-141 
Tornadoes, 70 
Torricelli, Evangelista, 35-36 


Updrafts, 4, 141 
Vacuum, in Torricelli’s barometer, 35, 36 


Water 
becomes visible when cloud is formed, 44 
behavior of cork in, 6 
boiling of, 55 
clouds composed of, 41 
evaporation of, 41 


in gaseous form. See Water vapor. 
in natural world, 41 
pressure of, compared with air pressure, 30 
saturation of sponge by, 56 
Torricelli’s discussion of, 36 
See also Water in the Equipment Index. 
Water vapor 
air can hold only limited amount of, 44 
in atmosphere, 52 
condensation of, 51, 83, 132, 138 
effect of temperature on: experiments concerned 
with, 41-44 
factor in relative humidity, 44-45 
formation of, 43 
in formation of clouds, 79, 83, 85 
in invisible gas, 43 
more over water than over land, 85 
saturation of air by, 56 
Weather 
affected by vertical movement of air, 5, 7, 19 
affected by upward movement of air, 115 
caused by atmospheric changes, 1 
everyone interested in, 59 
forecast of. See Predictions (about weather). 
heat and light sources of energy for, 89 
wind an important feature of, 87 
Weather balloons, 20 
Weather forecasting, excursion concerned with, 142-145 
Weather maps 
to be used in student exercises, 116-120 
plotting air pressure on, 106 
interpretation of data on, 107 
Problem Break concerned with, 110-111 
student exercises concerned with, 121-123 
superimposed on satellite photographs, 102, 108, 109 
Weather satellites, 99 F 
Weather watch 
data from, used in student exercises, 130-131 
student operation of, 60-63 
weekends during, 59, 63, 66 
what forcasts of, should include, 144 
Weather-watch chart, 61 
Wind 
definition of, 87 
at hurricane force, 76 
important feature of weather, 87 
insulating thermometer from, 12 
Wind direction 
determination of: with instruments, 64; without 
instruments, 65-66 
how to record, 60, 64 
indicated by points of the compass, 64 
often related to time of day, 89 
Problem Break concerned with, 89 
recording in symbol cluster, 101-103 
student exercises concerned with, 121-123, 130 
symbols for, 102, 103 


Wind speed 
conversion table for, 75 
estimating by observing its effect on familiar objects, 66 
how to record, 61 
may be measured in knots, 75 
recording in symbol cluster, 101-103 
symbols for, 101, 102 


EQUIPMENT 


Alcohol 
in coolness study, 53-55 
evaporation of, 55 
safety rules concerned with, 16-17 
sensation caused by, 53 
spills of, 16 
in waving-thermometer study, 55, 56 
Alcohol burner: in balloon study, 14, 16-17; 
safety rules concerned with, 16-17 
Atmospheric pressure measurer. See Barometer 
(student-made). 


Baby-food jar. See Jar (glass). 
Bag (dry-cleaning): in balloon study, 14-17; caution 
about, 16 
Bag (paper), in air-particle study, 5, 6 
Bag (sandwich), in cloud-building study, 51, 52 
Balance rod: in air-particle study, 5; 
in weight-of-air study, 21, 22 
Balancing clips, in weight-of-air study, 21 
Balloon (student-made): how to make, 14-15; 
inflating, 17 
Balloon (toy): in air-pressure study, 23; 
in weight-of-air study, 21-22 
Barometer (aneroid) 
Checkup questions about, 39 
in classroom, 30-31 
description of, 37-38 
disk of, 37 
illustration of, 29 
knob on, 38 
needles of, 38 
scale of, 29, 37-38 
student readings with, 30, 31 
technique for reading, 38 
Barometer (mercury), described in Torricelli’s letter, 36 
Barometer (student-made) : 
construction and operation of, 23-28 
need for calibrating, 29 
Problem Break concerned with, 28-29 
uses and limitations of, 29 
Beaker, in condensation study, 41 
‘Books, safety rule concerned with, 16 


Box (cardboard), making observation box from, 1, 2 


Can (aluminum): in condensation study, 41, 43, 44; 
Note about, 43 

Candle, in air-over-land study, 86-88 

Charcoal, in surface-temperature study, 7, 10 

Clay, in precipitation study, 133 

Closed containers, heating of, 17 

Coat hanger, in air-temperature study, 11-12 

Comb, in precipitation study, 133, 135 

Compass (drawing), in nephoscope study, 94 

Compass (magnetic), 64; illustration of, 65 

Construction paper. See Paper (black). 

Container (made from Styrofoam cup): in air-temperature 
study, 12; in surface-temperature study, 7-8 

Cork, behavior of in water, 6 

Cup (plastic), in condensation study, 41, 43, 44 

Cup (Styrofoam): in air-temperature study, 12; in surface- 
temperature study, 7 

Cup (in weather station), 63 


Dry-cleaning bag. See Bag (dry cleaning). 


Elastic band. See Rubber band. 

Electric bulb: in air-particle study, 5; in surface- 
temperature study, 7, 8 

Electric socket, in air-particle study, 5 

Erlenmeyer flask, in pressure-chamber study, 79-82 

Extension cord, in air-particle study, 5 


Flammable material, safety rule concerned with, 16 
Flask. See Erlenmeyer flask. 

Floodlamp, in surface-temperature study, 7 

Food wrap (plastic), in making observation box, 1, 2 


Ice 
in barometer study, 28 
in condensation study, 41-43 
in smoke-collecting study, 4 Se 
See also Ice in the General Index. 
Ice cubes: in cloud-building study, 51, 52; 
in smoke-collecting study, 3 
Ice water: in condensation study, 42; in smoke-collecting 
study, 2, 3 


Jar (glass) 
in air-pressure study, 23, 24 
in barometer study, 25-29 
in cloud-building study, 51, 52, 82 
in condensation study, 41 
in coolness study, 53, 54 
in waving-thermometer study, 55 


Knife: in air-over-land study, 86; in barometer study, 25 


Marking pen, in nephoscope study, 94, 95 
Matches 149 


in cloud-building study, 52 

in pressure-chamber study, 79, 81 

in smoke-collecting study, 2 
Metrestick, in nephoscope study, 94 
Metric ruler. See Ruler (metric). 


Nephoscope, student construction and use of, 94-97 
Newspaper (weather map in), 144 


Observation box 
in air-over-land study, 86-88 
in smoke-collecting study, 3 
student construction of, 1-2 


Pail, in precipitation study, 133, 134 

Pan: in barometer study, 28; in smoke-collecting 
study, 2-4 

Paper (black), in nephoscope study, 94, 95 

Paper towel, cleaning spills with, 16 

Pie pan (aluminum), in precipitation study, 133, 134 

Piston: in pressure-chamber study, 79-81; in smoke- 
collecting study, 2, 3 

Psychrometer. See Sling psychrometer. 


Rain guage, 63, 77 

Record Book, 4, 8, 9, 12, 13, 24, 31, 32, 42, 52, 63, 82, 87, 
89, 93, 106, 107, 113, 131, 142, 144 

Refrigerator, in condensation study, 44 

Rubber band: in air-pressure study, 23; in barometer 
study, 25 

Rubber stopper (1-hole), in pressure-chamber 
study, 79-80 

Ruler (metric): in nephoscope study, 94; in smoke- 
collecting study, 2 


Safety goggles, 17 
Sand, in surface-temperature study, 7, 10 
Scissors 

in air-over-land study, 86 

in barometer study, 25 

in smoke-collecting study, 2 

in surface-temperature study, 7 
Shoe, in walking-in-snow problem, 33 
Sling psychrometer 

description of, 45 

in humidity study, 45, 46, 48 

reason for slinging, 57; experiment concerned 

with, 55-57 

thermometers in, 45, 55, 57 

wick (sleeve) of, 45, 46 
Snowshoes, in walking-in-snow problem, 32-33 
Sponge, saturation of, 56 
Stopper (1-hole), in pressure-chamber study, 79, 80 
Straw (plastic) 

in air-over-land study, 86, 87 

in balloon study, 14, 15 

in barometer study, 25, 26 


in making observation box, 1, 2 
in precipitation study, 133-135 
in smoke-collecting study, 2, 3 
String (cotton): in air-over-land study, 86, 87; in smoke- 
collecting study, 2, 3 


Tape (masking), in nephoscope study, 94 
Tape (plastic): in barometer study, 25; in making 
observation box, 1 

Tape (plastic or cellophane), in balloon study, 14 
Tape (Scotch), in precipitation study, 133 
Tape (unspecified), in pressure-chamber study, 80 
Teakettle, 55 
Test tube, safety rule concerned with, 17 
Thermometer 

accidental touching of, 53 

in air-temperature study, 11-12 

in barometer study, 28 

in condensation study, 41-43 

in coolness study, 53, 54 

dry-bulb, 46, 57 

insulating from wind, 12 

making support for, 11 

Note about, 43 

preparing for outdoor-use, 11-12 

in sling psychrometer, 45, 55, 57 

in surface-temperature study, 7-8 

in waving-thermometer study, 55-57 

weather-station, 60 

wet-bulb, 46, 57 
Thumbtacks, in air-particle study, 5 
Tongue depressor, in barometer study, 25, 26 
Towel (paper), 16 
Tubing (plastic), in pressure-chamber study, 79, 80 
Tubing (rubber): in precipitation study, 133; in pressure- 

chamber study, 79, 80 


Watch, in nephoscope study, 94 
Water 
in barometer study, 28 
in cloud-building study, S51 
in condensation study, 41-43 
in humidity study, 45, 46 
ice. See Ice water. 
in precipitation study, 134-135 
in pressure-chamber study, 79, 80 
Resource 2 explains how to measure, 51 
in smoke-collecting study, 3-4 
in surface-temperature study, 7, 10 
See also Water in General Index. 
Wick ; 
in coolness study, 53 
in humidity study, 45, 46 
in waving-thermometer study, 55, 56 
Wind direction indicator, 61, 64 
Wind speed indicator, 61 - 
Window glass, in nephoscope study, 94, 95 
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To the Student. 


This Record Book is where you should write your answers. Try to 
fill in the answer to each question as you come to it. If the lines 
are not long enough for your answers, use the margin, too. 

Fill in the blank tables with the data from your experiments. And 
use the grids to plot your graphs. Naturally, the answers depend 
on what has come before in the particular chapter or excursion. Do 
your reading in the textbook and use this book only for writing 
down your answers. 

Toward the end of this Record Book, you will find a set of Self- 
Evaluations for each chapter. Do these to check your progress. To ~ 
check your answers to the Self-Evaluations, turn to the Self-Evalua- 
tion Answer Key in the back of this Record Book. 


Answers provided are often completely dependent on local circum- 
stances. Be quite flexible as you assist your students with their at- 
tempts to answer questions. Answers are hardly ever as important 
as the process that generates them. 


L] 1-1. Describe what happened to the smoke as it moved above the 
cold surface. | 


The smoke sank (went down toward the water). 


L] 1-2. Describe what happened to the smoke as it moved above the 
warm surface. 


The smoke rose (went up over the water). 


(11-3. How do you know a force acts on the smoke as it moves 
above the warm or cold surface? 


Because there was a change in motion (or shape) of the smoke 


stream 


(11-4. In Figure 1-1, draw arrows indicating the direction of these 
forces. 


Figure 1-1 





Cold water ’ Hot water 


Chapter 1 


Air Has Its 
Ups and Downs 





[1] 1-5. What does the smoke movement tell you about the motion of 
air over a cold surface? 


The air is sinking (going down) over the cold surface. 


L] 1-6. Describe your observations from Activity 1-8. 


The side with the heated air went up. After it had cooled sufficiently, 





. it went back down slowly. 


CL] 1-7. According to your observations, which has the greater mass? 
Is it the bag of warm air or the bag of cool air? 


The bag of cool air 


L] 1-8..What does the model predict about what happens when a 
substance is heated? 


The particles of the substance move faster. 


L] 1-9. The bags shown in Figure 1-2 have the same volume. Which 
has more gas particles per volume? 


Table 1-1 shows sample data. The bag of cool air 
Student results may vary widely 


from these 


Table 1-1 


THERMOMETER READING (°C) 


Light off Light turned on 
Beginning of After After After 
experiment 1 minute 3 minutes 5 minutes 
















Light off 





After 5 minutes 


Material cooling 


Dry sand 


Dry charcoal 


Wet charcoal 





Temperature (°C) 





Time (minutes) 


Figure 1-4 


(1 1-10. Of the dry materials, which showed the greater temperature 
change, the dark (charcoal) or the light (sand)? Which cooled faster? 


The dark (dry charcoal), in both cases 





[] 1-11. Of the wet solids, which showed the greater temperature 
increase? 


The dark (wet charcoal) 











1 1-12. Did the dry solid show more temperature increase than the 
same solid when wet? 


Yes 
11 1-13. Did the temperature of the water increase as much as the 
temperature of the solids? 


No 





(1 1-14. When the light was turned off, which of the substances 
cooled the most in 5 minutes? 


Dry charcoal 


Key 


Water 


Dry sand 


Wet sand 


Dry charcoal 


Wet charcoal 


ebay 


Teacher’s 
initials 


11 1-15. What type of surface (dry or wet, dark or light) will heat up 
fastest? 


Dry and dark 


[1 1-16. What can you say about the relationship between how fast a 
substance heats up and how fast it cools down? 


Substances that heat up fast also cool down fast 


_ PROBLEM BREAK 1-1 


Does air over different surfaces get hotter? 
Plan: 


Data: 


Conclusions: 


[11 1-17. Did the temperature of the outside air vary according to the 
surface under it? 


Yes 


L] 1-18. Explain the motion of the glider shown in Figure 1-5. 


Air rises over a warm surface and sinks over a cool surface. When 
the glider flies into the area over the warm roofs, it goes up with the 
rising air. When it flies over the cool trees, it goes down with the 
sinking air. It goes up over the warm garden ay down over the cool 


pond. 


[1 1. Describe your observations of the bag as the air inside is heated. 


(Answers will vary, but students should describe the puffing out of 





the bag and the increasing buoyancy.) 





L] 2. What would you have to do to keep the bag going up once it left 
the ground? 


Continue to supply hot air to make up for losses and cooling. 








LJ) 2-1. What happens to the motion of air as it passes over a hot spot 
on the earth? 


It is deflected upward (it rises). 


L] 2-2. What happens to the motion of air as it moves over a cool spot 
on the earth? 


It is deflected downward (it sinks). 








(1 2-3. Which cube of air would be warmer? 


Cube B 


1 2-4. As air cube A rises, what do you predict will happen to its 
temperature? 


The temperature will decrease (fall). 





Excursion 1-1 


Hot Air 
Balioon 


Chapter 2 


Concentrating 
on Ups 


The graph is suggested as an PROBLEM BREAK 2-1 


optional activity to aid the stu- 
dens in predicting. 


3000 


2500 


m) 


2000 


Altitude ( 


1500 


1000 


500 





Temperature (°C) 


L] 2-5. How much colder is it at 2500 m than it is at ground level? 


lek 


L] 2-6. At about what altitude will the temperature likely reach the 
freezing point (0 °C)? 


About 3300 m 


L] 2-7. What is the average decrease in temperature for each 100 m of 
altitude? 


0.6 °C per 100 m (15 °C + 2500 m = 0.6 °C/ 100 m) 


L] 2-8. According to Figure 2-1, which cube of air has more air above 
it, Aor B? 


Cube Bo ee eee 


L] 2-9. Which cube of air would have more weight on it from above? 


6 Cube B 


L] 2-10. Explain your observation from Activity 2-2. 


The balance arm with the inflated balloon went down. This means 





that the inflated balloon has more mass. The air in the balloon must 


have supplied the additional mass. 





L] 2-11. Which cube of air (A or B) has more weight acting on it from 
above, in Figure 2-1? 


Cube B 





L] 2-12. How does the air pressure on Cube B compare with the air 
pressure on cube A? 


The air pressure on cube A is less than that on cube B. 





LJ 2-13. Why is the seal important? 


To keep air from leaking in or out of the jar 











LJ 2-14. What would happen to the rubber covering if the forces 
(pressure) Outside were greater than the pressure inside? (Show your 
answer by completing the drawing in Figure 2-7.) 


It would buge inward. 


LJ] 2-15. How will the pointer move if the air pressure outside the jar 
is less than that inside the jar? 


The pointer will move down. 


LJ 2-16. Give an operational definition of atmospheric pressure. 


Observe the pointer on the~ pressure-measuring instrument over a 
eee ere ee eee eee ent ee nr eee 


period of time. Movement of the pointer shows changing atmospheric 





pressure, and the amount of movement.shows how much change. 
oe ib AR SE rete alli meatier la all aeledataabr ms — aa 


1 2-17. Did the pointer move? If so, in which direction? 


Yes. The pointer moved down. 


4 


Figure 2-7 


Y 


Teacher’s 
initials 


[] 2-18. Did putting your hands on the jar have the same effect on the 
pointer as a change in outside air pressuré? 


yes 





L] 2-19. What kind of outside air pressure change would produce the 
same result as your hands did? (An increase, or a decrease, in pres- 
sure?) 


A decrease in air pressure 


[] 2-20. What effect do you predict decreasing the temperature inside 
the jar would have on the movement of the pointer from a zeroed 
position? 


It should make the pointer move up. 
PROBLEM BREAK 2-2 


Effect of decreasing jar temperature on the pointer 
Plan: 


Data: 


Conclusions: 


L] 2-21. How is the pointer position affected when the temperature of 
the jar’s air is decreased? 


The pointer moves up. 


L] 2-22. Use the room barometer to determine the air pressure where 
you are, in millibars. 


(Answers depend on atmospheric pressure.) 





L] 2-23. Would you expect the barometer reading on a mountain top 
to be different from that at sea level? Explain your answer. 


Yes. There is less air above the mountain top, so there would be 


less atmospheric pressure there than at sea level, and the barometer 





would show a lower reading. 


CHECKUP 2-1 


1. Place a check by any of the following that could be a measure of 
pressure. 











a. 7 newtons ( ) d. 4 square metres ( ) 
b. 9 newtons ( ) e. 8 newtons per square 
c. 6newtons per square metre ( ) 


metre: ) 


2. A 2000-newton metal bar is lying on a bench. The area of the 
bottom of the bar is 0.2 square metre. What is the pressure of the bar 
on the bench? 


10 000 newtons/square metre 


(11. Why doesn’t the person with snowshoes sink as deeply into the 
snow? 


Because the total weight (force) is spread over a bigger area of 


Snow 


CL] 2. Calculate the force exerted on each square metre of the snow- 
shoe.. (Divide 600 N by 0.3 sq. m.) 


2000 newtons on each square metre of snowshoe 


Excursion 2-1 


The Pressure’s 
On 


10 


Excursion 2-2 
Measuring Air 
Pressure... 
in Inches or 
Millibars? 


Chapter 3 
Making Visible 
the Invisible 


L]1. What air pressure, in millibars, is required to support a mercury 
column of 760 mm? 


1016 mb) A ee See ee ee 


[]2. How many millibars of pressure are required to support a 
737-mm (29-inch) mercury column? 


G29 mbee a /one 5 viye ais fe ee) ese ie 


L] 3. Go to where the aneroid barometer is located in your room (or 


‘ in the weather station). Record the air pressure in millibars. 


faewena ee liti 


L] 4. Figure 4 shows the position of the black needle about 12 hours 
after its position was marked with the silver needle. How much has 
the reading changed in 12 hours? 


) milli 
L]5. Does the change in pressure represent a rise, or a fall, in air 


pressure? 


Fall 





L) 3-1 What did you observe happening on the outside of the con- 
tainer after you added the ice and water? 


A film of moisture formed 342 7 se 
L] 3-2. Explain your observation in question 3-1. 


foi a neenie 


L] 3-3. Have you seen this sort of thing happen in other situations? If 
so, describe them. 


Moisture on the outside of a glass of ice water; moisture on a cold 
bottle of soft drink; moisture forming around the door of a refrig- 


erator; moisture on the cold-air duct of an air conditioner 





L] 3-4. Where did the water dr pinche that formed on the outside of the 
container come from? 


Out of the air 


Table 3-1 


Room temp. Temperature when film 
(:C) of moisture forms (°C) 


Average 








L] 3-5. Does moisture appear on the outside of the container when it 
is at room temperature? 


No 





L] 3-6. Why were three trials used? 
To average out experimental error 


L] 3-7. What was the average temperature at which the film of water 
formed? 


(Depends on the humidity.) 


[13-8 Suppose the temperature of the container had been below 
freezing. What would you expect to happen to the water vapor? 


It would have turned to frost (ice particles). 


11 
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L] 3-9. How do you explain your observation? 
1 screeds PRECIO Erte one 


L] 3-10. According to your investigation, which will hold more water 
in the gaseous form, warm air or cold air? 


L] 3-11. What does it mean to say ‘“‘the relative humidity is 50%’’? 


The air contains half the water vapor it could hold at that tem- 





perature. 


L] 3-12. Suppose 1000 ml of air contains 10 mg of water vapor. At this 
temperature, the same volume of air could contain 50 mg of water. 
What is the relative humidity of the air? 


20% 


L] 3-13. Which is the better phrase? 


Bov! The relative humidity must be 99%. 


L] 3-14. Record the two temperatures from Activity 3-4: wet-bulb 
and dry-bulb. 


Temperatures depend on local conditions. 





L] 3-15. What is the difference in degrees between the wet-bulb and 
dry-bulb temperatures? 


Difference depends on local conditions. 





L] 3-16. The dry-bulb temperature is 34 °C, and the difference bet- 
ween the wet- and dry-bulb temperatures is 7 °C. What is the relative 
humidity? 


ba . \//, NSM SERN ee tn noe ee 
L] 3-17. What is today’s relative humidity? 


(Depends on Jocal conditions: )sit ots 5255 ee ee 


LJ] 3-18. Write an operational definition for relative humidity. (How 
do you detect and measure it?) 


Find the difference in the wet- and dry-bulb thermometer readings 


with a psychrometer. Use the dry-bulb temperature and the differ- 





ence in wet- and dry-bulb temperatures in the table to read rela- 


tive humidity. 





L] 3-19. What would the relative humidity be when the wet- and 
dry-bulb temperatures are the same? 


100% 





L] 3-20. What would the dew-point temperature be when the wet- 
and dry-bulb temperatures are the same? 


The same temperature as that of the wet- and dry-bulb ther- 





mometers 


L] 3-21. Give an operational definition of dew-point temperature 
(how you detect and measure it). 


Find the difference in the wet- and dry-bulb thermometer readings 


with a psychrometer. Use this difference and the dry-bulb tem- 





perature in the table to read the dew-point temperature; or find the 


temperature at which condensation first appears on the outside of a 





olished container as the temperature inside is slowly lowered. 








1 3-22. If more solid particles are found near the surface of the 
earth, why do most clouds form at higher altitudes? 


Because the temperature must be low enough for condensation to 
occur, and temperature normally decreases with altitude. 


13 


[1 3-23. Suppose the air being cooled also contained fine solid parti- 
cles, such as those in smoke. What do you predict would happen? 


Visible water particles (clouds) would form. 


Table 3-4 


_ Observations 


1. Jar 1, with 
cold water 


2. Jar 2, with 
hot water 


3. Jar 2, with hot 
water and smoke 


|] 3-24. Did the presence of smoke particles have an effect on the 
amount of mist that formed in the jar? 


Yes 
|] 3-25. What happens to the temperature of air as the air rises to 
higher altitudes? (If you don’t remember, refer to Figure 2-2.) 


The temperature decreases (falls, drops). 





Excursion 3-1 (1. Describe how the wet spot felt before you blew across it, and 


The Shivering then while you blew across it. 
Thermometer 2cfore blowing. it felt warm; while blowing, it felt cool. 


Table 1 


Temperature (°C) 


Temperature A 


Temperature B 


14 Temperature C 





L) 2. What is the difference between temperature A and temperature 
B? 


(Little or no difference if alcohol is at room temperature: possibly 
1-2 °C.) 





L] 3. What is the difference between temperature B and temperature 
Gi 


(Depends somewhat on local conditions: possibly 10-15 °C.) 
L] 4. How do you explain these differences in temperature? 
The evaporation of the alcohol from the wick took heat away from 


the thermometer bulb, cooling it. 





L] 5. What happened to the alcohol as the temperature dropped? 
It changed to alcohol vapor. 


(1 6. Which hand felt cooler as you blew across it? 
The one with the alcohol on it 


(17. Which liquid evaporated faster? (You may want to devise 
another way to compare the evaporation rates of the liquids.) 


The alcohol 


L] 8. Explain the fact that the backs of your hands felt cool while the 
liquids were evaporating. 


It requires heat energy to evaporate a liquid. This heat energy was 


furnished partly by your hands, lowering their temperature. 


(19. Why did the alcohol make the hand feel cooler than the other 
liquid did? 


Because it evaporated faster 


15 


Table 2. Temperatures are giv- 
en as examples. Student read- 
ings will depend somewhat on 
local conditions. 


16 


Table 2 





_ Temperature (°C) 






Condition 






1. Thermometer 
(on table) 










2. Thermometer 
(waved around) 





110. Using your matter model, explain why the moving thermome- 
ter cooled off more rapidly. 


The matter model says that particles are in rapid motion in a liquid. 





This motion may allow some of them to escape the liquid as a 





quid, the less room there is for others to come out. But if the par- 


rapid cooling of the liquid. 





L111. Suppose the particles leaving the liquid were removed from 
above the liquid (blown away, for example). How would this affect 
the evaporation of the liquid? 


It would speed it up. 


[1 12. Suppose the humidity in your classroom is 100% (saturated 
air). How would the temperature of the wet- and dry-bulb ther- 
mometers compare? 


They would be the same. 








Table 4-1 Chapter 4 
Weather 


Ist Week Weather-watch chart Watch 





1. Date 








2. Time of day 








3. Temperature (°C) 


Ts 


. Wind direction 





. Wind speed (km/h) 











Cloud type 


Cloud cover 





oe i ae oa oa) 


Precipitation 
(cm) 





9. Barometric 
pressure (millibars) 

10. Relative humidity 

11. Dew-point temp. (C) 


Table 4-1 














2nd Week Weather-watch chart 
1. Date 








ie) 


Time of day 
3. Temperature (°C) 
Wind direction 


Wind speed (km/h) 





Cloud type 








. Cloud cover 





olra}aluls 


. Precipitation 
(cm) 





9. Barometric 
pressure (millibars) 


10. Relative humidity 


11. Dew-point temp. (°C) 


a”, 


Excursion 4-2 


Billboards 
of the Sky 


Excursion 4-3 


The Conversion 
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Excursion 


(11. Write the name of the cloud that fits the description: 


a. Flat, layered Stratus 


b. Piled up, fluffy Cumulus 


c. Wispy, feathery Citrus 


(] 2. Why, do you think, is there not a cloud designated as altocirrus? 


Because a cirrus cloud is already the highest type 


[]3. Identify the following ten cloud types, either pictured or de- 


scribed, 
A. 


B. 


A through J 


Stratocumulus 





Cirrostratus 





_ Altostratus 





_ Cumulonimbus 


_ Stratus 


Cirrus 


_ Nimbostratus 


Cumulus 


_ Cirrocumulus 


_ Altocumulus 


LJ 1. What is 29 °C in Fahrenheit? 


84 °F 


L] 2. What is 70 °F in Celsius? 


Clee 


L]3. Which is the higher temperature, 27 °C or 27 °F? 
A hal 





L) 4. Which is the bigger temperature change, 10 degrees on the Cel- 
sius scale or 10 degrees on the Fahrenheit scale? 


10 degrees on the Celsius scale 

L] 5. What is the wind speed in km/h if it is blowing at a rate of 10 
mph? 20 mph? 25 mph? 

16 km/h; 32 km/h; 40 km/h 














(16. Wind is considered to be of hurricane force if its speed is 75 
mph or above. How fast in km/h would this be? 


120 km/h (actually 120.7 km/h) 


L] 7. A wind of 64 km/h has what speed in mph? 
40 mph (actually 39.8 mph) 








L] 8. What is the pressure in millibars when the weather report gives 
it at 30.4 inches of mercury? 


1029 millibars 





L]9. Standard sea-level pressure is 1013.2 millibars. About how 
many inches of mercury is this? About how many pounds per square 
inch? 


29.9 (actually 29.92) inches; 14.7 pounds per square inch 


L]10. The weather bureau reports the height of the cloud base as 
5000 feet. What is the height in metres? 


1525 m 


(111. Suppose the rain gauge shows that 2.5 inches of rain fell last 
night. How many centimetres of rain fell? 


6.4 cm 
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Chapter 5 


More Reasons 
for Clouds 
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[] 5-1. What change occurs in air pressure as air rises? 


Air pressure decreases. 





L] 5-2. What is today’s relative humidity? 


(Depends on local conditions.) 


L] 5-3. Does the air in the flask contain water vapor? 


eYes 





L] 5-4. Describe any changes you observed within the flask as the 
pressure was reduced. 


A mist (fog, cloud) formed. 





[| 5-5. Describe any changes within the flask as the pressure is re- 
duced. 


A heavier mist (fog, cloud) formed. 





L] 5-6. What happens when you increase the pressure again by push- 
ing the plunger back in? 


The mist (fog, cloud) disappeared. 











L] 5-7. What effect would decreasing air pressure be likely to have on 
cloud formation above the earth’s surface? 


It would aid cloud formation. 


PROBLEM BREAK 5-1 


What are the effects of changing air pressure and temperature at the 
same time? 
Plan: 


Data: 


Conclusions: 


Teacher’s initials 


CL] 5-8. Would you have predicted that most of the clouds in Figure 
5-4 formed over land instead of water? Why? 


Yes. During the daytime, air over land heats more rapidly than air 





over water. This heated air rises, and the moisture in it condenses to 





form clouds. 

















LL] 5-9. Where would you expect air to be warmer in the daytime, 
over land or over water? (Hint: Recall your investigation in Chapter 
1, beginning with Activity 1-9.) 


Over land 


1) 5-10. Where would you expect the greater uplift of air to occur in 
the daytime? Would it be over land, or over water? 


Over land | 24 


Figure 5-9 


CL] 5-11. Sketch the movement of the smoke from where it leaves the 
string in Figure 5-7. 


Figure 5-7 pele 


String 


Candle 


L] 5-12. Describe how you think cool moist air will behave as it 
comes in contact with an area where warm air is rising. 


Cool moist air will flow in to take the place of the warm air that 





is rising. 





L] 5-13. What would happen to the cool air after it replaced the warm 
air? 


It is heated also. and ri 


[] 5-14. Will the increased moisture content improve chances for 
cloud formation? 


Yes 





PROBLEM BREAK 5-2 


What is the direction of the wind during the day and during the night 


~) 


around a large body of water? 








L) 5-15. Use what you know about air to explain your decision about 
wind direction. 


During the daytime, the air over the land heats more rapidly than 
the air over the water. The warmer air rises, and the cooler air from 
the water takes its place. At night, the land loses its heat more rap- 


idly than does the water, so the air over the land becomes cooler. 





Then the warmer air over the water rises, and the cooler air flows 





from the land to take its place. 








L] 1. How do you account for the flat bottoms when the cloud tops Excursion 5-1 


aren’t flat at all? How High Are 
the Clouds? 


Because condensation starts when the air gets cold enough, and this 


happens at a particular altitude. 





L] 2. What part of the cloud is the first to form, the top or the bottom? 
The bottom 


LJ 3. Can you now explain the flat-bottomed clouds? 


(See answer to question 1.) 
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L] 4. How much cooler would the air be at 400 m than at ground level 
(Figure 2)? 


4 °C 





15. How much less would the dew-point temperature be at 2200 m 
than at ground level? 


4°C 


_ (£16. Which decreases faster with altitude, the air temperature or the 


dew-point temperature? 


Air temperature 





L] 7. Using the formula, check the sample problem of Figure S. 


Height = 122 (26 °C — 8 °C) 
{22 %018 "EC 
= 2196 m (or 2200 m) 


L] 8. Calculate the height at which clouds could form today. (Record 
your method, data, and conclusions.) 

Height of clouds today: 

Data: 


Method: 


Conclusions: 


el 


L1 9. (Optional) Can you derive the formula given for this type of 
problem? 


Air temperature decreases | °C per 100 m; this is 0.01 °C per m. Dew- 





point temperature decreases 1 °C per 550 m; this is 0.0018 °C per m. 





Clouds form at a height (h) where air temperature and dew-point 





temperature are equal. Therefore, T,;, — 0.01 h, or the air temper- 
ature on the ground minus the decrease with altitude, must equal 
Tap. — 0.0018 h, or the dew-point on the ground minus the decrease 


with altitude. 


Tair — 0.01 h = Typ, — 0.0018 h 
G0Fh = 0.0018 b= Ty — "Tay: 
0.0082 h = Tair — Tap. 
ee 

0.0082 


h = ee hee — aun 


Table1 Excursion 5-2 


Building a 
seconds Nephoscope 


metres 






Distance moved by reflection (d) 0.05 metre 





Time to move 5 cm (t) 







Height of eye above nephoscope (h) 


Estimated height of clouds (H) 
(See Excursion 5-1) 


metres 


LJ 1. What is the distance moved by the cloud? 


(Depends on observations.) 


1 2. Suppose the estimated height (H) is 2000 metres. What distance 
would the cloud have moved if all your other measurements were the 
same as before? 


(Depends on observations.) 


C1 3. How fast did the cloud move in metres/sec? 


(Depends on observations.) 25 
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Chapter 6 
Other Cloud 
Formers 


L] 4. Suppose you wanted to use this method to measure the speed of 
a jet aircraft. What would you need to know? 


The height of the aircraft and the time it took for the image to move 


across the radius of the circle 





L15. How could you improve this method of determining cloud 


speed? 


(Answers will vary. Radar would be a big help.) 








CL] 6-1. At M7, what is the (a) wind direction? (b) wind speed? (c) 
temperature? (d) pressure? 


(a) East (b) 6-11 km/h (c) 9 °C (d) 1005 millibars 





L] 6-2. Using the border symbols and a straightedge, describe the 
following locations by letter and number, and give the reading. 
Highest barometric pressure 
Highest wind velocity 
Lowest barometric pressure 
Highest temperature 
Lowest temperature 


Highest barometric pressure—A 12, A14 (1020 mb) 
Highest wind velocity—F5, 13, JS (20-29 km/h) 
Lowest barometric pressure—I5, H6, JS (996 mb) 
Highest temperature —A7 (26 °C) 

Lowest temperature—H1 (3 °C) 


L] 6-3. Describe any relationships between the pattern of cloud for- 
mation (Figure 6-4) and the measurements of temperature, pressure, 
wind speed, and wind direction. 


Greatest cloudiness occurs when temperature differences are 





greatest, where pressure is lowest, where wind speed is greatest, 





and where wind direction changes most abruptly. 























Table 6-1 
North-South *‘Leg’’ 
Left side Right side 
Station Temperature Station: Tem Z. ture 
location P location ee 




















East-West “‘Leg”’ 








Northside Southside 


So St aa pae 


Station Station 


location Temperature {ocation Temperature 


a Ee 
oe eS 5 Ee, a 


























LC 6-4. On which side of the leg (right or left) are the temperatures 
lower? 


Temperatures are lower on the left side. 





C1 6-5. On which side (north or south) of this leg are the temperatures 
lower? 


Temperatures are lower on the northern side. 
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L] 6-6. In general, were the temperature differences greater across 
the north-south leg or the east-west leg? 


Across the north-south leg 


L] 6-7. Besides temperature differences, what other factor produces 
cloud formation? 


Pressure differences 
Figure 6-4 
1 


10) 1008 
12( p 1011 


14 () 1011 
Leg 


16() 1011 
15(/) 1008 


\\ 18(A 1011 


7@) 1008 


\ 


9) 1008 


9G) 1011 





CL) 6-8. Describe the pattern of barometric pressure revealed by the 
isobars you drew on Figure 6-4. 


The pattern forms an area of decreasing pressures centered about I 5 





and I 6. Going outward from that area, pressures increase to the 





highest values in the lower right, at the area Al4. 





L] 6-9. Is the barometric pressure fairly high, or fairly low, where the 
core of the cloud spiral has formed? (Label this center on your Figure 
6-4 as ‘“‘High”’ or ‘‘Low.”’’) 


Low 
L] 6-10. Describe the pattern of wind direction in the area of low 
pressure on Figure 6-4 (clockwise, or counterclockwise). 


The wind direction forms a counterclockwise pattern around the 


low. 


L] 6-11. What relationship do you notice between the pattern of wind 
direction and the spiral shape of the cloud mass? 


The spiral shape seems to generally follow the wind directions. 





L] 6-12. Describe the flow of air near the low-pressure areas in Fig- 
ures 6-7 and 6-8 (clockwise, or counterclockwise). 


The flow of air is counterclockwise. 
CL] 6-13. Describe how the distribution of clouds in the two figures 
relates to the pressure and temperature data given. 


Clouds in general seem to center over areas of lowest pressure and 


along lines of sharp temperature differences. 


CL] 6-14. Are your answers to questions 6-12 and 6-13 what you ex- 
pected? 


Yes 
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PROBLEM BREAK 6-1 ; 


Figure 6-9 





(] 6-15. What result would you expect as moist air moves up and 
over a mountain? 


It would be cooled, pressure would be reduced, and condensation 


(clouds) should occur. 





L] 6-16. Explain why there is more vegetation on one side of the 
mountain than on the other in Figure 6-11. | 


More precipitation (rain) falls there. 3 . 





yw’ re 


PROBLEM BREAK 6-2 


Iggyville should have pleasant weather, with moderate rainfall, 
periods of cloudy and clear skies. 

Iggyburg should have the poorest weather, with heavy rainfall, 
much cloudiness, little sunshine. 

Iggytown should have dry weather, little or no rainfall, cloudless 
skies. The temperature at Iggytown should be much warmer, due to 
the heating of the air as it comes down the mountain. 


01 7-1. Did the low-pressure areas, shown first in Figure 7-1a, move 
during the four-day period? If so, in what general direction? 


Yes. From west to east. 





[] 7-2. Did the lines of temperature difference, shown first in Figure 
7-1b, move during the four-day period? If so, in what general direc- 
tion? 


Yes. From west to east. 





L] 7-3. What happened to the barometric reading in Syracuse as the 
system moved through? Did it rise, fall, or remain the same? 


It fell and then rose. 
L] 7-4. List the wind direction in Syracuse on the four days the sys- 


SZ URES moving po ue During the four days, the wind shifted from 
ee ey | ye ee ee 


L] 7-5. List changes in the cloud cover as the system moved through 
Syracuse. 


Clear to cloudy to partly cloudy 


Chapter 7 
Moving 
Weather 
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1 7-6. What observations could have been used two days in advance 
to predict that the low-pressure area was moving into Syracuse? 


Observations of falling barometric pressure, increasing cloudiness, 


shifting wind direction 


[1 7-7. Is the air behind the line (to the west) cooler, or warmer, than 
that in front of it? 


Cooler 





17-8. What happened to the air temperature as the line approached 
and moved through Fargo? Did it rise, fall, or stay the same? 


It rose sharply as the temperature line passed. 





L] 7-9. List the changes in the wind direction as the line approached 
and moved through Fargo. 


SW to S to W 


L] 7-10. List changes in the cloud cover as the line approached and 
moved through Fargo. 


Clear to cloudy to partly cloudy 


CL] 7-11. What observation could have told you on Days 1 and 2 that a 
line of temperature difference was approaching Fargo? 


Shift in wind direction, increasing cloudiness, and falling barom- 


eter reading 


L) 7-12. How does the line of temperature change approaching Selma 
differ from that approaching Fargo on Day 1 in Figure 7-1? 


The temperatures behind the line (to the west) are lower than the 
temperatures ahead of the line (to the east) in Selma; the opposite 


is true in Fargo. 


L] 7-13. List changes in the cloud cover in Selma as the line of tem- 
perature difference passed through. 


Clear to partly cloudy to cloudy to clear 





L] 7-14. List changes in the wind direction as the line passed through 
Selma. 


SW to Sto N 





L] 7-15. What happened to the air temperature as the line passed 
through Selma? 


It dropped. 





L] 7-16. What happened to the barometric readings as the line passed 
through Selma? 


They dropped and then rose. 
C] 7-17. What observations could have told you in advance that this 
line of temperature difference was approaching Selma? 


Falling barometer reading, increasing cloudiness, wind from the 


SW and S 
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1] 7-18. Are the fronts on the temperature maps located in the same 
general areas as the low-pressure areas on the pressure maps? 


Yes, they go through the centers of the low-pressure areas. 


L] 7-19. Do the low-pressure areas move at roughly the same rate in 
the same direction as any fronts near them? 


Yes 
L] 7-20. List in order the cloud types you would expect to observe as 
a cold front approached your area. 


Cumulus and cumulonimbus 





L] 7-21. List in order the cloud types you would expect to observe as 
a warm front approached your area. 


Cirrus, cumulus, stratus 


Table 7-1 













COLD FRONT 



















Ahead of the front Along the front Behind the front 


Cloudiness Increasing 
Wind direction Southerly 


Table 7-2 


Barometric reading 








Temperature Low 





Clearing 












Northerly 





WARM FRONT 


Ahead of the front. Along the front Behind the front 
Barometric reading Falling Rising 


: Increasin ‘ 
Cloudiness aoe ne Heavy clouds Clearing 


Wind direction Southerly Shifting Westerly 


PROBLEM BREAK 7-1 


How are two weather variables related? 
Plan: 


Tally Table: 


Percentage (Probability): 


Conclusions: 


L] 7-22. What do you think the weather people mean when they say 
‘‘The chance of rain today is 30%’? Discuss why you think they 
would make such a statement. 


They are expressing a probability, based on their observation of all 
the weather variables. Considering all the changing conditions, 


they are saying that 3 times out of 10 they result in rain at a 


particular location. 


Teacher’s 
initials 
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Excursion 7-1 


And the Rains 
Came Down 


Excursion 7-2 
Cumulonimbus 
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[]1. What did you observe happening when the comb was brought 
close to the spray? 


The spray was attracted to the comb. 


[]2. What happened to the size of the droplets when the comb 
moved toward and away from the spray? 


They got larger and smaller. 

(] 3. Give your explanation of why the comb affects the water spray. 
The electrical charge on the comb attracts the oppositely charged 
part of the water molecule, moving the molecule toward it. In putting 
this force on the water molecules, it causes them to come closer to- 


gether and form into larger drops. 


L]14. Does this investigation suggest what might cause tiny cloud 
droplets to combine to form raindrops? Explain your answer. 


If electrical forces are present in a cloud, these forces might cause 


water particles to be pushed together to form raindrops. 


[]1. List the changes you observed for the two cumulus clouds. 


(Depends on observations, but students should have observed 
changes such as swelling, growth, changing shape, or if the clouds 


are dissipating, shrinking and disappearing of parts.) 


L] 2. Compare and contrast the behavior of both clouds. 


(Depends on observations of local conditions.) 


C13. How tall (from bottom to top) was the cloud at each time inter- 
val? 


1:00 P.M., 1800 m; 2:00 P.M., 2200 m; 3:00 P.M., 3000 m 








L] 4. What was the rate of growth of the thundercloud? (Hint: How 
many metres did it “‘grow’’ per hour?) 


About 600 m per hour 





L15. Why, do you think, are strong updrafts necessary in forming 
hail? 


Because a solid object, like an ice particle or hailstone, would fall 
out of the cloud without a strong updraft. The updrafts carry it 


through successive trips so that it can build. 


CL] 6. What would cause the hailstone to finally fall to the earth? 


When the downward force of gravity exceeded the upward force 
of air, or when it got out of the updraft, or when it built up so much 
speed in the downward trip that it couldn’t be overcome by the 


updraft. 
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Excursion 7-3 


Weather 
Prediction and 
Forecasting 


111. What kind of front is moving across this area? 


A cold front 


C1 2. Suppose you knew that the center of high pressure was due to 
arrive on the 24th. Predict what would happen to each of the follow- 
ing quantities just after it arrives. (Complete that part of Table 1.) 


Table 1 








Stratus 


Rel. 
hum. 


Dew 
point 


(32C 














Stratus 
22 1:50 10 N 25-31 Cumulo- lS em 29.81 
nimbus 
23 1:45 3 € N 8-12 Clear — 29.92 
== Stag lta rere 
24 | 
pee el oP ee ce 
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| 
— 29.88 83% 13SEC 


100% 





29% 


























10C 


sar Ie 


etioe 





Temperature should rise slightly; relative humidity should drop; 
clouds should be partly cloudy (cumulus); wind should be light; pre- 


cipitation, none. 


Activity 1. Three-day forecast of weather 


Ist day forecast: 


2nd day forecast: 


3rd day forecast: 


2nd day 3rd day 


. Probable wind direction 


i) 


. Probable wind speed 


TS Hes) 


. Barometer change 
5. Probable cloud types 


6. Probable temperature range 





7. Precipitation (amount and type) 


Activity 2. (Optional) Extended forecast 
Temperature: 


Precipitation: 


Movements of fronts through area: 
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How Am | Doing? 


You probably wonder what exactly you are expected to learn in this 
science course. You would like to know how well you are doing. This 
section of the book will help you find out. It contains answers to the 
Self-Evaluations for each chapter. If you can answer all the ques- 
tions, you’re dong very well. 

Self-Evaluations are for your benefit. Your teacher will not use the 
results to give you a grade. But you may want to grade yourself. 

Some questions can be answered in more than one way. Your 
answers to these questions may not quite agree with those in the 
Answer Key. If you miss a question, review the material on which it 
was based before going on to the next chapter. Page references are 
frequently included in the Answer Key to help you review. 

On page 68 of this booklet, there is a grid that you can use to keepa 
record of your progress. 


TO THE TEACHER The following sets of questions have been designed 
for self-evaluation by your students. The intent of the self-evaluation 
questions is to inform the student of his or her progress. The answers 
are provided for the students to give them positive reinforcement. 
For this reason it is important that each student be allowed to answer 
these questions without feeling the pressure normally associated with 
testing. We ask that you do not grade the student on any of the 
chapter self-evaluation questions or in any way make the student feel 
that this is a comparative device. 

The student should answer the questions for each chapter as soon 
as the student finishes the chapter. After answering the questions, the 
student should check his or her answers immediately by referring to 
the appropriate set of answers in the back of the Record Book. 


There are some questions that require planning or assistance from 
the classroom teacher or aide. Instructions for these are listed in 
color on the pages that follow. You should check this list carefully, 
noting any item that may require your presence or preparation. Only 
items which require some planning or assistance are listed. The self- 
evaluation objectives are listed opposite the questions. 

You should check occasionally to see if your students are complet- 
ing the progress chart on page 68. 


If you did the excursion for this chapter, write its number here. 


(J 1-1. The diagram below shows a sketch that a student made after 
using the observation box. 


Temperature of air 
in box = 20°C 





Water temperature = 10°C 


a. Sketch the path of the smoke in the box below if the air 
temperature were 5 °C and the water temperature were 15 °C. 


SELF-EVALUATION 1 


1-1. You may want to leave a 
smoke box and room- 
temperature water available. 
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b. Explain your answer to part a. 





c. Sketch the path of the smoke in the box below if the air 
temperature were 15 °C and the water temperature were 15 °C. 


d. Explain your answer to part c. 


CL] 1-2. A student has set up the balance that you used in Activities 
1-7 and 1-8. However, this time the bags have been turned right side 
up. The student has a beaker that has been sitting in the freezer for 
several hours. 
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a. What will happen if the student inverts the beaker just 
above bag B? 








b. Explain your answer to part ain terms of the matter model. 





L] 1-3. Three substances, A, B, and C, were warmed by a lamp in the 
same way that you warmed up dry sand, dry charcoal, wet sand, wet 
charcoal, and water. Their warming curves are shown below. 








Substance B 


Substance A 






Substance C 


| 
| Substance —_ 
| Substance —_ 
| | 

Ss) | 5) 

o l oF | Substance —_ 

2 g 

2 | 5 1 

© aj 

cr) | oO | 

roi | ro ! 

5 | 5 
| 7 | 
| 1 

0 5 0 5 
Time (minutes) Time (minutes) 


Later these three substances were put in a refrigerator and their 
temperatures were recorded after 5 minutes. Indicate which of the 
lines corresponds to each of the substances by filling in the blank 
beside each curve. 43 


[] 1-4. Refer to the sketch below to answer parts a, b, c, and d that 
follow. 






Asphalt 
highway 





a. Ona warm sunny day, in which of the areas (A through D) 
would you expect the air to be rising? 


b. Explain your answer to part a. 











c. On a warm sunny day, in which of the areas (A through D) 
would you expect the air to be moving downward? 


d. Explain your answer to part c. 
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If you did any excursions for this chapter, write their numbers here. SELF-EVALUATION 2 





L] 2-1. a. If you were riding in a small plane and plotted a graph of 
the temperature outside the plane at different altitudes, which of the 
following graphs would you expect to look most like yours? 





Graph 1 


Graph 3 





Oo Oo Oo 
oe ae ae 
2 2 2 
3 3 = 
S S s 
® o © 
a Qa a 
5 5 5 
FE KE F 
0 3050 0 3050 0 3050 


Height (metres) Height (metres) Height (metres) 


b. Explain your answer to part a. 











[] 2-2. a. How would the weight of a collapsed football compare 
with the weight of a fully inflated one? 





b. Explain your answer to a. 
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[] 2-3. a. Suppose you were a deep-sea diver. When diving deeper 
and deeper into the ocean, would you expect the pressure to increase, 
decrease, or remain the same? 





b. Explain your answer to part a. 











L] 2-4. a. A student built an atmospheric pressure measurer several 
days ago. Today the pressure measurer looks like the one shown 
below. Has-the air pressure in the room increased, decreased, or 
stayed the same since the pressure measurer was built? 











b. Explain your answer to part a. 
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LJ] 2-5. a. On a cool summer morning, your family starts on a trip in 
the car. After driving for several hours over the hot asphalt highway, 
you stop for lunch. Suppose you had measured the pressure of the air 
in the car’s tires in the morning and again when you stopped for 
lunch. Would the pressure have increased, decreased, or remained 
the same? 








b. Explain your answer to part a. 














L] 2-6. The air pressure at the top of a tall building is 996 millibars. 
What would be the air pressure at street level at that time? (Check the 
best answer.) 


____a. Greater than 996 millibars 
—____b. 996 millibars 


____c. Less than 996 millibars 


If you did the excursion for this chapter, write its number here. SELF-EVALUATION 3 





(] 3-1. In areas where winters are cold, windows are sometimes cov- 
ered with a layer of frost on the inside. Explain why the frost forms 
on the windows. 
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3-3. Be sure to have a sling 
psychrometer available. 
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L) 3-2. Suppose that a 1000-millilitre sample of air could contain 32 
milligrams of water. The 1000-millilitre sample of air actually contains 
only 18 milligrams of water. What would be the relative humidity of 
this sample of air? 


[| 3-3. Get a sling psychrometer from the supply area. Use it to 
measure the relative humidity in your classroom. (You may refer to 
tables in the chapter if you need to.) 


Relative humidity = 
L] 3-4. A student was measuring the relative humidity in the class- 
room and obtained these readings: 


Dry-Bulb Temperature = 18 °C 
Wet-Bulb Temperature = 12 °C 


You may use any tables in the text to answer the following questions. 
a. What was the relative humidity in the room? 





b. What was the dew-point temperature? 


L] 3-5. Suppose there were a section of the country where the air was 
moist but there were very few solid particles in the air. Predict what 
would happen to cloud formation if a new electricity generating plant 
that gave off a lot of smoke were built in this area. 





If you did any excursions for this chapter, write their numbers here. SELF-EVALUATION 4 





L] 4-1. Use the diagram below to answer the questions that follow. 





a. What is the direction of the wind as indicated by the 
weather station? 











b. What is the speed of the wind (in km/h) as indicated by the 
weather station? 
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L] 4-2. Use the two photographs to answer the questions that follow. 


Photo | 





Photo 2 





a. What type of cloud is shown in photo 1? 








b. What type of cloud is shown in photo 2? 





c. Draw the symbol to represent how much of the sky is 
covered by clouds in photo 1. 


d. Draw the symbol to represent how much of the sky is 
covered by clouds in photo 2. 


L] 4-3. If 1.5 inches of rain fell overnight, how many centimetres of 
rain should you record in your Weather-Watch Chart? (Remember: | 
inch = 2.54 cm.) 





If you did any excursions for this chapter, write their numbers here. SELF-EVALUATION 5 


1 5-1. (Check the best ending.) To induce condensation in one type 
of cloud chamber, 


uta. the: pressure is increased. 
____b. the temperature is increased. 
_____c. a sudden decrease in pressure is used. 


____d. only dry, pure air is used. 51 


[1] 5-2. The diagram shows an observation box with a glass top. Show 
the direction of motion of the smoke particles in the box when the 
light is on by drawing arrowheads on the lines. 





[1] 5-3. Many types of high-altitude balloons are made out of thin 
plastic so that they can expand or contract easily. 


. te 
9 @ : 


Sketch 1 Sketch 2 Sketch 3 


? ? ? 
? ! : 


a. Which sketch do you think best represents what you would 
see as you watched this type of balloon rise? 


b. Explain your answer to part a. 
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L] 5-4. In the winter, snow may lie on the ground for months at a 
time. As long as it stays cold and the snow is in an undisturbed place, 
the snow remains very white. When it starts to melt, it begins to look 
dirty. Explain why this occurs. 











L] 5-5. Use this diagram to carry out the directions that follow. There 
is no prevailing wind. 


©) 





Plowed 
field 
a. Draw an arrow on the diagram to indicate the direction in 

which the wind would be blowing at point P. 
b. Draw clouds on the diagram to indicate where you might 

expect them to form. 
c. Draw an arrow pointing downward on the diagram to indi- 

cate where the air may be moving down. . 53 


SELF-EVALUATION 6 (16-1. Use the map below to answer the questions that follow. 





a. Using the border symbols and a straightedge, describe the 
following locations by letter and number. 


1. ____ Highest wind velocity 3. ___ Highest barometric pressure 
2. ___ Lowest temperature 4. Highest temperature 


b. Draw in the isobars (lines of equal pressure). 

c. Shade in the areas that you would expect to have heavy 
cloud cover. 

d. Explain why you shaded the areas you did for part C. 
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e. Is region E3 a high-pressure, or a low-pressure, area? 


L] 6-2. What is the direction of air movement around a low-pressure 
area? 








CL] 6-3. Use this diagram to carry out the directions that follow. 






Prevailing winds 





a. Draw clouds on the diagram where you expect they would 


form. 
b. Label the diagram ‘‘wet’’ where the most rain would fall. 
c. Label the diagram ‘‘dry’’ where the least rain would fall. 











(16-4. What are four things to look for on a weather map when 
predicting where clouds will form? 


a. 


b. 
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SELF-EVALUATION 7 


If you did any excursions for this chapter, write their numbers here. 


L] 7-1. Large weather disturbances move slowly across the North 
American continent. What is the general direction of motion? 





(17-2. Suppose a low-pressure area is approaching the part of the 


country where you live. 
a. What changes would you expect in the amount of cloud 
cover as it approaches? 




















b. What changes would you expect in the barometric pressure 
reading? 


c. What changes in the wind direction would you expect as 
the system passes? 





L] 7-3. Label the three front symbols shown below with their correct 
names (cold, warm, and stationary). 


L) 7-4. The weather forecast for today reads ‘“‘Sunny and hot today 
with the chance of local thunderstorms in the late afternoon or early 
evening.’ Explain what causes these local storms. 














L] 7-5. Yesterday a student notices some cirrus clouds in the sky. 
Today the student noticed that the barometer had fallen slightly, the 
wind had shifted so that it was blowing from the southeast, and there 
was a heavy layer of cumulus clouds overhead. 


a. Predict whether the temperature will increase, decrease, or 


remain the same over the next day or so. 





b. Predict whether the rain that is coming will last for just a 
few hours or for at least a day. 








c. What will be approximate wind direction once the rain has 
passed? 


L] 7-6. Generally there is a difference in the shape of fronts. Label 
each of the fronts shown (warm or cold). 


Front movement » Front movement » 
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(11 7-7. On the basis of your weather watch for the last few days, 
predict what tomorrow’s weather will be. 


















































Answer Key 


LJ] 1-1. a. SELF-EVALUATION 1 





b. Your answer should have indicated that the smoke would 
rise because of the fact that the water is warmer than the surrounding 
air. This would cause an updraft above the water surface. If you had 
difficulty with this, you should try Activities 1-2 to 1-6 again. 

c 





d. Your answer should have indicated that since the water 
and air are at the same temperature, there would not be an updraft or 
a downdraft. The smoke would then travel straight across the box. 
You may want to try this yourself. 59 
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[] 1-2. a. The balance will tip so that bag B is lower than bag A. 

b. The particles of air in the cold beaker are moving slower 
than the particles of air in the room. The particles are then closer 
together. When this cold air is poured into bag B, there will be more 
air particles in B than in A. Since each particle has weight, the weight 
of particles in bag B is greater than the weight of those in bag A. This 
means that the balance will tip down on the side that has bag B. If you 
had difficulty answering this question, you should reread pages 5 and 
6. You might want to use this part of a magic show at home. 


.L11-3. You should have labeled the graph as shown below. 






Substance _C_ 


Substance _A_ 


Substance —8_ 


Temperature (°C) 


One ee ew Ie 


0 
Time (minutes) 


While doing Activities 1-9 to 1-12, you should have noticed that 
those substances that warm up most rapidly also cool down rapidly. 
Check your graph (Figure 1-4) if you forgot about this. 


LJ] 1-4. a. Areas A and C 

b. You should have indicated that the highway and the 
plowed field would warm up rapidly in the sun. Since the surfaces 
would be warm, the air above would be heated. Warm air tends to 
rise. 

c. Areas B and D 

d. The forest and the pond would not warm up as rapidly as 
the highway and the plowed field on a sunny day. As a result, the air 
above them would be cooler and would tend to move downward. 


If you had trouble with these questions, look over your observations 
from the observation box activities and pages 11 and 13 again. 


L] 2-1. a. Graph 3 

b. As you get farther from the earth’s surface, the air usually 
becomes cooler (about 2 °C/300 m). Sometimes, under unusual cir- 
cumstances, the temperature stays constant or even rises as you go 
higher. This unusual distribution of air is called a thermal inversion. 
During an inversion, smoke and exhaust fumes do not rise and mix 
with the rest of the air but stay near the ground. This can cause very 
severe smog that may endanger the lives of people who have res- 
piratory diseases such as pneumonia or asthma. 


L] 2-2. a. A fully inflated football would be heavier than a collasped 
football. 

b. Air has mass and exerts weight; therefore the inflated bal- 
loon has more weight. If you missed this, refer back to pages 21 and 
225 


L] 2-3. a. The pressure would increase. 

b. The pressure is the weight of substance above an object. 
The greater the depth in the ocean, the greater the weight of the 
material in the column above an object; thus the pressure increases. 
If you had difficulty answering this question, read pages 22 and 23 
again and work through Excursion 2-1. 


L] 2-4. a. The pressure has increased. 

b. The rubber diaphram has been pushed inward. This indi- 
cates that the air outside has pushed it in and compressed the air 
inside. If you had trouble with this question, reread pages 23 and 24. 


L] 2-5. a. The pressure would have increased. 

b. While driving, the tires get very hot and this increases the 
pressure inside. This is similar to what you did in Activity 2-9 when 
you warmed up your barometer. In case you actually try measureing 
the pressure in the car tires, here is a safety tip. Do not let air out of 
the tires to reduce the pressure to what it was in the morning. If you 
do, the increased flexing of the tire may heat it enough so that it will 
catch fire or blow out, causing a serious accident. For tire safety, 
check the air pressure when the tires cool and keep the pressure up to 
what the manufacturer recommends. 


CF 2-6. The answer is a. The air pressure at street level would be 
greater, since the weight of air above the barometer would be greater. 
If you want to try this yourself, you need a fairly tall building. The 
pressure should change about 3 millibars for every 7 to 10 stories 
change in height. 


SELF-EVALUATION 2 
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SELF-EVALUATION 3 


SELF-EVALUATION 4 


(] 3-1. Your answer should have included these ideas: The window 
glass is cold and this cools down the inside air near the window below 
the dew-point temperature. Moisture then condenses on the inside of 
the window. If the glass is cold enough, the moisture will freeze and 
produce frost on the inside of the window. If you did not include 
these ideas in your answer, you should reread pages 41 and 44. 


L] 3-2. The relative humidity would be almost 56%. If you did not get 
this answer, you should reread page 45. 


[J 3-3. Check your answer with two or three other students who are 


at the same place in the book. If your answer does not agree with 
theirs or if you have forgotten how to find the relative humidity, read 
page 46 and try again. 


[] 3-4. a. The relative humidity was about 49%. Reread page 46 if 
you did not get this answer. 

b. The dew-point temperature was 13 °C. You should study 
pages 48 and 49 again and do Excursion 3-1 if you had difficulty with 
this question. 


L] 3-5. As you know, both solid particles and rising moist air are 
needed to produce clouds. If one of the two missing, few clouds will 
form. If the new plant gave off a lot of solid particles, it could cause a 
great deal more cloud formation and upset the climate patterns. 
Check pages 51 and 52 if you missed this. 


[] 4-1. a. There is a southeast wind blowing. Remember that the 
wind direction is the direction from which the wind is blowing. 

b. The wind speed is about 30 km/h. Look at Excursion 4-1 if 
you had trouble with this. 


L] 4-2. a. These clouds are cirrus clouds. Note their thin, wispy ap- 
pearance. 

b. These are cumulus clouds. Note their tall, billowy shapes 
and flat bottoms. If you had difficulty in identifying either of these 
cloud shapes, you should take another look at page 62 and work 
through Excursion 4-2. 

c. The sky is about 25% overcast, so. the symbol is @. 

d. Here the sky is about 50% overcast, so the symbol is ®. 


~~ 


L] 4-3. About 3.8 centimetres of rain fell. If you had difficulty with 
this question, you should take another look at Excursion 4-3. 


CL] 5-1. The answer is c. Look over Activities 5-1 to 5-5 if you missed 
this. 


L] 5-2. If you had difficulty deciding about the directions, you should 
look over pages 8 and 11 and 85 to 89 again. 





L] 5-3. a. You should have expected the balloon to appear as in 
sketch 2. 

b. As you go higher above the earth’s surface, the pressure 
decreases. This means that the balloon would swell outward much as 
the top of your atmospheric pressure measurer did when the air pres- 
sure decreased. 


L] 5-4. This question is a bit tricky, so you have had to think about it 
for a while. You know that solid particles are necessary for clouds to 
form. These particles are trapped inside the snowflakes or raindrops 


that fall. When the snow begins to melt, the water runs away or 


evaporates, leaving these particles on the surface of the snow. This 
layer of fine particles gives melting snow its gray appearance. If you 
live where snow falls, you may want to try melting some snow and 
looking at these tiny particles. Of course, some of the particles may 
have settled out of the air onto the snow surface. See page 81. 


SELF-EVALUATION 5 
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SELF-EVALUATION 6 


[1 5-2. a. The wind would be blowing from the cooler forest toward 


the warmer plowed field. 
b. The warm air over the plowed field would rise. You would 


expect this rising warm air to form clouds over the warmer surface, as 


indicated above. 
c. The air above the forest would be cooler, so it would tend 


to be moving downward. Look at pages 87 through 89 again if you 
missed any of these questions. 





Plowed Forest 
field 


06-1. a. (1) £4 
(2) A2 
(3) J10 
(4) BO. 

b and c. See the map opposite. 

d. The cloud cover would be due to two different factors. The 
cloudbank around E3 would be due to the low-pressure area there. 
The long banks of clouds from E3 to A9 and from E3 to J2 would be 
due to lines of sharp temperature difference (fronts). If you had trou- 
ble deciding where and why the clouds would form, reread pages 99 
to 109. 

e. Region E3 is a low-pressure area. You can tell this from the 
barometer readings at various weather stations in this area. 


21(7) 999 


22(/) 999 


23( J 999 





L] 6-2. North of the equator, the air moves counterclockwise around 
a low-pressure area. Reread pages 107 to 109 if you did not remember 
the direction. You may be interested to know that south of the 
equator the air moves clockwise around a low-pressure area. Check 
with your teacher for some other books on meteorology if you would 
like to find out more about this. 


C1 6-3. a. The clouds would form where the moist air is pushed up 
over the mountain. The rising air would be cooled, and once it 
reached the dew-point temperature, clouds would form. 






Prevailing winds 


este. 
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SELF-EVALUATION 7 


b. The side of the mountain near the ocean would receive the 
most rain. That is where the air would be cooling and where the 
clouds would form. 

c. The side of the mountain away from the ocean would re- 
ceive the least rain. The air would become warmer as it moved down 
that side of the mountain. If the air warmed up and the amount of 
moisture in it remained the same, its relative humidity would de- 
crease. See pages 111 to 113 if you had trouble with these. 


L] 6-4. Some things to look for are these: 


a. Low-pressure areas 

. Lines of sharp temperature difference 

. Mountains 

. Large bodies of water and their coastal areas 
. Areas where there is uneven surface heating 


oaQadqd & 


(17-1. The general direction of motion air masses is easterly. If you 
did not remember this, take another look at the weather maps on 
pages 117 through 120. 


L] 7-2. a. As the low-pressure area approaches, the sky would cloud 
over. 

b. The barometric pressure reading would decrease. 

c. The wind would be generally from the south before the 
low-pressure area arrives. As it passes, the wind would shift rapidly 
so that it is coming from the north. If you had difficulty answering 
these questions, look closely at the weather in Syracuse, New York, 
as the low-pressure area approaches. See pages 117 through 120. 


L] 7-3. a. Stationary front 
b. Cold front 
c. Warm front 


L) 7-4. Small local storms in the afternoon are usually caused by — 
uneven heating of the earth’s surface. 


L] 7-5. The type of clouds that the student saw indicates that a warm 
front is approaching. 

a. The warm front will bring an increase in temperature over 
the next few days. 

b. The rain when it comes will last for at least a day. This is 
because a warm front has sucha gradual slope. See pages 123 through 
128. 

c. As the front passes, the wind will most likely shift around 
so that it is blowing from the north or west. You can see this on the 
weather maps on pages 117 through 120. Pay particular attention to 
the warm front that passes through Fargo. 


L] 7-6. a. Warm front 

b. Cold front 
If you had difficulty recognizing the shape of the fronts, take another 
look at page 123. 


L] 7-7. Compare your prediction with those of other students and 
with the official forecast for your area. The only way to check your 
answer is to wait until tomorrow. Good luck! 
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My Progress 


Keep track of your progress in the course by plotting the percent 
correct for each Self-Evaluation as you complete it. 


- Number SORES x 100 
Number of questions 


Percent correct = 


To find out how you are doing, draw lines connecting these points. 


‘After you’ve tested yourself on all chapters, you may want to draw a 


best-fit line. But in the meantime, unless you always get the same 
percent correct, your graph will look like a series of mountain peaks. 
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